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PREFACE TO 

THE TORCHBOOK EDITION 

A condition of the present reprint is that the text should not be 
changed The reader may therefore be reminded that this text was com¬ 
pleted m 1944 and that, in the interval, views on species-formation have 
advanced In particular, it was generally believed when I wrote the 
book that, in ammals, nearly all of the differences between subspecies 
of the same species, and between closely related species in the same 
genus, were without adaptive significance I therefore specified the only 
exceptions then known (see pp 39, 66-66, 79-80, 88-90 and 143) and 
reviewed the various ideas as to how non-adaptive differences might 
have been evolved (see pp 122-123) Sixteen years later, it is generally 
believed that all, or almost all, subspecifie and specific differences are 
adaptive, a change of view which the present book may have helped to 
bring about. Hence it now seems probable that at least most of the seem¬ 
ingly non-adaptive differences in Darwin’s finches (see pp 43-44, 77-79 
and 117) would, if more were known, prove to be adaptive. 

Another cautionary note may be added In Chapter XI, I followed the 
traditional view, still generally accepted, that the ancestor of Darwin’s 
finches was a true finch But if a warbler-like bird can be evolved from 
a finch, so can a finch-like bird from a warbler, and that most of the 
Geospizmae are finch-like.-might perhaps mean, not that their common 
ancestor was a finch, but that there were more vacant niches in the Gala¬ 
pagos for finches than warblers. Further, the only living species which 
possesses characters from which all jihe^rest might be derived is the 
Cocos-finch Ptnaroloinas, which in beak comes closest to the warbler- 
finch Certhidea but in plumage resembles Geospisa, especially the sharp- 
beaked ground-finch G difficilis I wish to imply here not that Pina- 
roloxias is necessarily ancestral, but that the question of which of 
Darwin’s finches look most like their common ancestor is entirely open 
Without fossil material to give perspective in time, it is impossible to 
be sure of which species are near the base and which near the top of 
the evolutionary tree 


Oxford 

December, 1960 




PEBFAOE 


Just over a hundred years ago, in 1885, Charles Darwin col¬ 
lected some dull-lookmg finches m the Galapagos Islands They 
proved to be a new group of birds and, together with the giant 
tortoises and other Galapagos animals, they started a tram of 
thought which culminated in the Origin of Species, and shook 
the world 

In an English garden, finches of several lands and sizes eat 
seeds and fruits, tits of various sizes examine the twigs and 
branches, warblers of different kmds take insects off the leaves, 
thrushes search the ground and woodpeckers climb the trunks. 
That all these birds have a common ancestry is generally agreed, 
but to determine the way in which this evolution has come about 
would require a detailed knowledge of conditions throughout 
Europe and Asia, both at the present time and in the past. That 
these birds to some extent share out the available food supply 
is also clear, though their ecological interrelationship is highly 
intricate. 

A similar complicated picture is presented by the bird life of 
North America or of any other region of continental type It is 
no accident that Darwin and many after him obtained their in¬ 
spiration from the much simpler conditions provided by the land 
life of remote islands, and m this respect no group is more 
suitable for study than Darwin’s finches of the Galapagos. These 
birds form a small and self-contained group, but are sufficiently 
diverse to provide a parallel with evolution elsewhere, and every 
stage is represented from that of trivial differences between island 
forms to that of genera with striking adaptations to new and 
quite unfinchlike ways of life The object of this book is to trace 
these successive stages, and many of the conclusions apply, I 
believe, much more widely than to the Galapagos finches. 

This IS a work of natural history, based on a study of living birds 
in the Galapagos and of dead specimens in museums. The evidence 
IS circumstantial, not experimental, so that theories must be 
presented cautiously. They should not, however, be excluded. 
The Galapagos naturalist may lose himself in misty highlands 



Vi 


PREFACE 


with densely tangled trees, but m the open lowlands he may be 
parched in a lava desert. Likewise m this book I have tried to 
avoid not only intricate and nebulous theory, but, at the other 
extreme, an and enumeration of bare facts. 

An earlier and more specialized account of Darwin’s finches is 
appearing as Occasional Paper XXI of the California Academy of 
Sciences. This was submitted in June, 1940, when I supposed I 
could not work further on the subject until the end of the war 
But during 1948-4 I found time to write the present book, with 
the object of giving a broader treatment of evolutionary aspects 
Unexpectedly, a reconsideration of the original material led to 
a marked change in viewpoint regarding competition between 
species and the beak differences between the finches, and the 
development of these points provides one of the mam themes of 
the book While I am astonished that what now seems obvious 
should have escaped notice four years earlier, there is a highly 
distinguished precedent, since even Charles Darwm appears not 
to have appreciated the evolutionary evidence provided by the 
finches, until several years after his return from the islands 

The many people who, in their writings or m person, have 
helped to make this book possible, are listed later, under 
References and Acknowledgements respectively The debt is 
considerable. For further introduction, the reader should turn 
again to Darwin’s description of his visit to the Galapagos in 
H.M.S. Beadle. ‘The natural history of these islands is eminently 
curious, and well deserves attention.’ 

D. L. 


London, August 1914 
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PAET ONE: DESCEIPTION 


Chapter I. GALAPAGOS SCENE 

The country was compared to what we might imagme the cultivated parts of the 
Infernal regions to be 

Charles Darwin. MS Diary of the Voyage of H M S. Beagle 
THE ISLANDS 

On the evening of 10 December 1938 a squalid uncomfortable 
Ecuadorean trading schooner carried our expedition down the 
Guayas river and out into the Pacific. Two days later a marked 
drop in temperature and an abundance of sea birds proclaimed 
the equatorial cold of the Humboldt current, and before dawn 
on 14 December anchor was dropped m Wreck Bay, Chatham, 
the most south-easterly island of the Galapagos We emerged at 
daybreak to see a drab, short-tailed finch hopping about the deck, 
our first umnspirmg view of one of Darwin’s finches. 

The numerous recent travel books decnbing the Galapagos— 
the ‘ Enchanted Isles ’—had not sufficiently prepared us for the 
inglorious panorama. Behind a dilapidated pier and ramshackle 
huts stretched miles of dreary, greyish brown thornbush, in most 
parts dense, but sparser where there had been a more recent lava 
flow, and the ground still resembled a slag heap. The land rose 
gradually, with no exciting features, to a sordid cultivated region, 
beyond which, partly concealed in cloud, were green downs, the 
only refreshing spot m the scene. 

Closer acquaintance in the next four months only increased the 
initial depression. The Galapagos are interesting, but scarcely a 
residential paradise The biological peculiarities are offset by an 
enervating climate, monotonous scenery, dense thorn scrub, 
cactus spines, loose sharp lava, food deficiencies, water shortage, 
black rats, fleas, jiggers, ants, mosquitoes, scorpions, Ecuadorean 
Indians of doubtful honesty, and dejected, disillusioned European 
settlers. Admittedly these are merely discomforts, but their 
effect IS cumulative in a shut-in tropical island. Moreover, for 
one of the party there was serious trouble, dysentery. Perhaps 



2 


GALAPAGOS SCENE 


our souls were ‘ made of lead, too dull, too ponderous, to mount 
up to tlie incomprehensible glory that Travel lifts men to ’ But 
Old Fortunatus had not visited the Enchanted Isles. Charles 
Darwin, wlio had, knew better ‘ No doubt it is a high satisfaction 
to behold various countries and the many races of mankind, but 
the pleasures gained at the time do not counterbalance the evils. 
It is necessary to look forward to a harvest, however distant that 
may be, when some fruit will be reaped, some good effected ’ 
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The Galapagos he on the Equator in the eastern Pacific, 600 
miles from Ecuador and 1000 from Panama. The only adjacent 
islands are forested Cocos and the rock Malpelo, both about 600 
miles to the north-east. West of the Galapagos, there is no land 
of any sort for 3000 miles 

The largest Galapagos island is Albemarle, about 80 miles long 
with a highest point rather over 4000 ft above the sea Several 
of the other islands are between 10 and 20 miles across and rise 
to a height of 2000 or 3000 ft, while there are many other smaller 
and low-lymg islands The islands are volcanic in origin, and vol¬ 
canic activity still occurs on some of them Where there has been 
recent activity, the ground is jagged and the contours are 
irregular, but on the older islands, notably much of Chatham, the 
ground is smooth and the contours are gently rounded There are 
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circular crater lakes on Albemarle and Chatham, the latter being 
drained by a permanent stream, and there are isolated springs on 
Charles, James and Albemarle, and slightly brackish wells on 
Indefatigable. Otherwise there is no permanent fresh water, but 
during the rainy season temporary—often extremely temporary 
—pools and streams are formed, which drain away rapidly 
through the lava Immediately after a cloudburst on Inde¬ 
fatigable a previously dry stream-bed contained an almost 
impassable torrent, but it could again be crossed dryshod a few 
hours later 

The rainy season lasts from about mid-December to early 
March, but it is variable, in some years continuing into June, 
while in other years hardly any ram falls. It is a period of calms 
and bright sunshine interrupted by thunder, squalls, light 
showers and heavy cloudbursts During the rest of the year the 
south-east trade wind blows, and normally no rain falls on the 
coast, but a thick mist, the garua, covers the higher ground The 
day temperatures are the coolest of any equatorial region in the 
world, due to the Humboldt current, an upwellmg of cold water 
against the west coast of South America. 

The shores of the Galapagos chiefly consist of low cliffs and 
black lava boulders, ornamented with scarlet crabs and black 
archaic iguanas, while locally there are white sand beaches with 
sea-lions and turtles, occasional dense mangrove swamps, and a 
few tall cliffs. 

The most prominent objects m the barren and and lowlands 
are the tall tree-cactuses, the dildo trees and torch thistles of the 
buccaneers. The long, branched, fluted cylinders of Cerewsand the 
fleshy, spine-covered pads of the prickly pear Opunha are both 
carried to about 30 ft. above the ground. The other vegetation 
consists of more ordinary bushes and trees, some extremely 
thorny, such as Acacia, others not, such as Bursera, Croton, May- 
tenus and the poisonous manzamlla Hippomane mancinella. 
Where lava flows have occurred recently, much of the ground is 
bare, and progress is easy except where the surface is too jagged 
or loose, or where there are deep clefts. At the other extreme, 
there are many parts where the bushes form a dense tangle 
through which it is impossible to force a way, even with a machete 
Elsewhere, the vegetation is moderately open. For most of the 
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year this lowland zone looks parched and dry, but for a brief 
period immediately following the heavy rams it appears bright 
green and deceptively fertile. 

Inland and high up, the scene is strikmgly different—humid 
forest with rich black soil and tall trees covered with ferns, 
orchids, lichens and mosses. One of the most characteristic trees 
IS Sccdesiapedunculata, a member of the Compositae (daisy family); 
others include species of Psidium, Ptsonia and Zanthoxylum, and 
locally there are groves of tree ferns. This rich growth is possible 
because not only does much more rain fall on this region than on 
the coast, but outside the rainy season it is kept damp by the 
thick mist. Humid forest is found only on the larger and higher 
islands, James, Indefatigable, Albemarle, and Charles, with a 
small area on Abingdon, while it may formerly have occurred on 
Chatham. On Chatham the whole, and on Albemarle, Inde¬ 
fatigable and Charles a large part, of this zone is now under cultiva¬ 
tion, chiefly with coffee, sugar and the common tropical fruits 

The height above sea-level at which the humid forest is found 
vanes considerably with local conditions. It commences at a 
lower altitude on the wmdward (south-east) than the leeward 
side of each island, and is also affected by the period of the last 
volcanic activity and by other factors. Under favourable con¬ 
ditions such forest is found within 500 or 600 ft of sea-level, but 
with more arid conditions it fails altogether, and cactus and thorn 
scrub may then extend to the mountain tops. 

Between the and lowlands and the fertile humid forest, there 
is a region where the vegetation is transitional in type. Here the 
thorn and cactus become progressively scarcer and the forest 
trees with epiphytic lichens progressively commoner, the farther 
that one travels inland from the coast On the larger islands, 
extensive areas are covered with vegetation of this transitional 
type. 

In the highest parts of the humid forest the trees decrease in 
height and bear a particularly luxuriant cover of epiphytic ferns, 
orchids and mosses Then they give place to open country with 
grass, ferns, bracken, clubmosses, liverworts, mosses and oc¬ 
casional bushy thickets Extensive open country is found on the 
three highest islands. Indefatigable, Albemarle and Chatham, 
and a small area on Charles. In this zone on Indefatigable, the 
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curious traveller can walk on the grassy margins of extinct 
craters, or tread a contmuous carpet of lush liverworts, or rest 
in a miniature Coal Measure forest of erect 3 ft. clubmosses; 
while if a cloudburst occurs, he can watch racing streams which 
suddenly fall far out of sight into deep, narrow fissures, or can 
shelter in a fern-festooned cave formed of a huge burst bubble of 
lava On the other islands, the open uplands have been much 
changed by the grazing of introduced cattle, and grasses unduly 
predominate, while on Chatham tropical guava has run wild and 
locally forms dense areas of scrub. The downs of Chatham, with 
their thick mists, rounded contours and herds of cattle and horses, 
look rather like Dartmoor, but brilliantly green, with ponds pink 
with the floating plant azolla, and frigate birds soaring over a 
crater lake The top of Albemarle, where volcanic activity has 
been more recent, is said to be more barren than either Chatham 
or Indefatigable 

All the Galapagos islands look much alike, and the chief 
variations are due to differences in altitude and in the time of the 
last volcanic activity. But Cocos, where one of Darwin’s finches 
occurs, looks quite different Lying some 600 miles noadh-east of 
the Galapagos and some 300 miles from Panama, Cocos is a 
typical tropical island, with a warm, moist climcte and rich 
forest coming down to the sea It belongs to Costa Rica, and 
attracts treasure hunters. 

The Galapagos, as is well known, received their name from 
the giant land tortoises, which provided much food, first for the 
buccaneers, then for the whalers. Later these animals were 
heavily exploited for oil, and now the final remnants are being 
eaten by the settlers. The peculiar land iguana, some 3 ft. long, 
is also nearly extinct, but the even more curious marine iguana 
IS still numerous The only conspicuous land mammals are intro¬ 
duced forms which have run wild, cattle, horses, donkeys, pigs, 
fiogs, goats and black rats, and these animals are having a harmful 
effect on the native plants and animals. The smaller native land 
mammals, the birds and the reptiles will be mentioned later, m 
Chapter xii. Along the shore, sea-hons are common and friendly, 
but these and the conspicuous sea birds are outside the scope of 
this book. 

This brief account shows the background, sometimes curious 
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and nearly always unpleasant, in which the field work on 
Darwin’s finches was carried out. Fuller accounts of the islands, 
frequently misleading, occur in many travel books, a valuable 
survey of the plant life is given by Stewart (1915), while the most 
careful and accurate general description is still that of the 
naturalist of H.M.S Beagle. 

HUMAN HISTORY 

The human history of the Galapagos has been surveyed by Rose 
(1924) It is mainly a tale of disaster, tempered by squalid crime. 
The islands were first made known by Fray Tomas de Berlanga, 
bishop of Panama, who came in 1535 and like many after him 
experienced great privations, searched vainly for water, and 
chewed cactus: ‘ It looked as though God had caused it to ram 
stones.’ The Elizabethan Sir Richard Hawkins briefly com¬ 
mented ‘They are desert, and beare no fruite.’ The buccaneers 
Cowley, Dampier and Wafer misled subsequent visitors by re¬ 
cording green vegetation, water and even rivers in June 1684, 
evidently the year in which the Bachelors’ Delight called must 
have had an exceptionally prolonged rainy season Some years 
later another buccaneer, Woodes Rogers, took Alexander Selkirk 
(the original Robinson Crusoe) off Juan Fernandez, sacked 
Guayaquil, and came thence to the Galapagos, where he found 
‘nothing but loose Rocks, like Cynders, very rotten and heavy 
.. .tho’ there is much shrubby Wood and some Greens, yet 
there’s not the least Sign of Water, nor is it possible that any can 
be contained on such a Surface ’ 

After the buccaneers came the whalers, and then the first 
scientific expedition By this time the devastation of rural 
England by the Industrial Revolution had provided a parallel 
with natural vulcanism, and in 1835 Charles Darwin could com¬ 
pare the Galapagos scene with the iron foundries of Staffordshire 
or the cultivated parts of the Infernal regions Likewise Captain 
FitzRoy recorded ‘black dismal-looking heaps of broken lava, 
forming a shore fit for Pandemonium ’ 

Until 1832 the Galapagos belonged to Spam and remained 
uninhabited, except temporarily by Patrick Watkins, a drunken 
Irishman But after the War of Liberation the islands w'ere 
claimed by Ecuador. Water having by now been found in the 




Table I Names of the Galapagos Islands 


English name 

Ecuadorean name 

Qal4pagos 

Archipielago de Col6n 

Abingdon 

Pmta 

Bindloe 

Marchena 

Tower 

Genovesa 

James 

Santiago 

Jervis 

Rabida 

Indefatigable 

Santa Cruz (also Chavez) 

Duncan 

Pinzoii 

Albemarle 

Isabela 

Narborough 

Pernandma 

Barrington 

Santa F6 

Chatham 

San Cristobal 

Hood 

Espanola 

Charles 

Santa Maria (also Ploreana) 


Note The names of the other islands, including Culpepper and Wenman were 
not changed by the Ecuadoreans 
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hills, a settlement was made cm Charles, where several hundred 
persons lived for a time, but the colony was eventually abandoned 
Charles was again settled in 1893, but four years later the colonists 
transferred to South Albemarle, where a large settlement still 
persists. Charles then remained uninhabited until the nineteen- 
twenties, when a few Europeans arrived, and though these have 
since died, some notoriously, others have taken their place. 
About the same time. Indefatigable was settled by Europeans, 
and though many of them later left or died, a small colony has 
remained The only other island to be;; permanently settled is 
Chatham, where a large colony was founded in the latter part of 
the nineteenth century and has since persisted, despite occasional 
attempts, one successful, to murder the governor Hence up to 
1989 four Galapagos islands have been settled, but the establish¬ 
ment of US bases ill 1942 has yet to be lecor^^pd. Our own party 
stayed mainly on Chatham and Indefatigable, while brief visits 
were paid to other islands, including Hood and Tower. 

In 1892 the four hundredth anniversary of the discovery of 
America, the Ecuadorean Government renamed the Galapagos 
archipelago after Columbus, who never went there, and changed 
the traditional names of the islands, the new names mostly being 
those of men associated with Columbus. These new names have 
been accepted in official publications It is highly desirable to 
have a standardized system of place-names, and if this had been 
a geographical treatise, the Ecuadorean names would have been 
used unhesitatingly. But the English names of the islands have 
been used throughout the biological literature, so that, after 
much hesitation, they have been retained here. They were mostly 
given in 1681 by the patriotic buccaneers of the Bachelors' 
Delight, which explains the significance of Charles, James and 
the like, while a few others were named by Captain Colnctt, 
who surveyed the islands in 1793 The modern names of the 
islands, together with their English equivalents, are given m 
Table I on the previous page 

THE PINCHES 

Captain Colnett was the first to comment, somewhat injudici¬ 
ously, on the now famous finches ‘This island contains no great 
number, or variety, of land birds, and those I saw were not 
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remarkable for their novelty or beauty ’ He described small 
birds ‘resembling the Java sparrow, m shape and size, but of 
black plumage’. Captain Porter of the U.S. frigate Essex, who 
captured twelve British whaling ships in Galapagos waters 
during the war of 1812, also mentioned ‘a small black bird, with 
a remarkably short and strong bill, and a shrill note ’ 

Then came the visit of H.M S. Beagle m 1835. The bird 
specimens collected by Darwin were described by Gould (1837), 
who recognized the finches as an entirely new group, while the 
influence which these and other Galapagos animals exerted on 
Darwin’s views on evolution is common knowledge In his 
Evolutionary Notebook, started in 1837, Darwin wrote: ‘ In July 
opened first note-Book on “Transmutation of Species”. Had 
been greatly struck from about month of previous March on 
character of S. American fossils—& species on Galapagos Archi¬ 
pelago —These facts origin (especially latter) of all my views ’ 
(Barlow, 1933). Again, in the first private announcement of his 
new views, a letter to Joseph Hooker on 11 January 1844, 
Darwin wrote ‘I was so struck with the distribution of the 
Galapagos organisms, &c. &c., and with the character of the 
American fossil mammifers &c , «fec., that I determined to collect 
blindly every sort of fact, which could bear any way on what are 
species At last gleams of light have come, and I am almost 
convinced (quite contrary to the opinion I started with) that 
species are not (it is like confessing a murder) immutable’ 
(F. Darwin, 1887). 

Darwin first questioned the mutability of species when actually 
in the Galapagos, through finding different forms of the mocking¬ 
bird and tortoise on different islands (Barlow, 1935). The finches, 
with several species on each island, are more complex, and 
their influence was apparently retrospective Thus, in Darwin’s 
private diary of the voyage, the finches are not mentioned 
(Barlow, 1933), and even in the first published edition of the 
Journal, in 1839, they receive only brief notice, without particular 
comment. However, this paragraph was considerably amplified 
in the second edition of 1845 ‘The remammg land-birds form a 
most singular group of finches, related to each other in the 
structure of their beaks, short tails, form of body and plumage. 
All these species are peculiar to this archipelago.’ Darwin went 
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on to describe ‘the perfect gradation in the size of the beaks in 
the different species’, and concluded’ ‘Seeing this gradation and 
diversity of structure m one small, intimately related group of 
birds, one might really fancy that from an original paucity of 
birds in this archipelago, one species had been taken and modified 
for different ends ’ This last phrase is the most significant in the 
whole book, and is Darwin’s first public pronouncement on a 
subject the elaboration and generalization of which was to occupy 
the next fifteen years of his life. 

The next collection of Darwin’s finches was made by Habel in 
1868, and the birds were described by Salvm in 1876 These 
specimens, together with those collected by Darwin, are now in 
the British Museum of Natural History. In 1897 Ridgway 
described two further large collections, one made by the natural¬ 
ists of the Albatross in 1888, and the other by Baur in 1891 The 
former collection is in the United States National Museum at 
Washington, while most of Baur’s specimens passed to the 
Rothschild collection, formerly at Tring and now in the American 
Museum of Natural History, New York The Rothschild collection 
also received the specimens of the Webster-Hari’is expedition a 
few years later, and Rothschild and Hartert wrote papers on the 
birds m 1899 and 1902 In 1904 Snodgrass and Heller described 
a large collection made by the Hopkins-Stanford expedition 
Finally, much the biggest collection was made by the expedition 
of the California Academy of Sciences in 1905-6, this being ably 
monographed by Swarth in 1931. As a result of all these visits, 
Darwin’s finches are more adequately represented by museum 
specimens than almost any other group of birds. 

Some of the collectors, notably Gifford (1919), have published 
field notes on the habits of the finches, particularly their feeding 
habits Much further information on ecology and breeding be¬ 
haviour was obtained by our expedition, which also brought back 
thirty living birds of four species. These were originally in¬ 
tended for the Zoological Society of London, but travelled so 
badly that they were taken instead to the California Academy of 
Sciences, San Francisco, where they remain At the latter in¬ 
stitute I also worked on the extensive skin collections of Darwin’s 
finches, and later studied all the other large collections referred 
to above. 
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Darwin’s finches are dull to look at, not only in their orderly 
ranks in museum trays, but also when they hop about the ground 
or perch m the trees of the Galapagos, making dull unmusical 
noises. Only the variety of their beaks and the number of their 
species excite attention—small finch-like beaks, huge finch-like 
beaks, parrot-like beaks, straight wood-boring beaks, decurved 
flower-probing beaks, slender warbler-like beaks, species which 
look very different and species which look closely similar ‘ How 
astonishing’, wrote Sydney Smith, ‘are the freaks and fancies of 
nature! To what purpose, we .say, is a bird placed in the forests 
of Cayenne, with a bill a yard long, making a noise like a puppy 
dog, and laying eggs in hollow trees'? The toucan, to be sure, 
might retort—to what purpose were gentlemen in Bond Street 
created’ There is no end to such questions. So we will not 
enter into the metaphysics of the toucan.’ But such amiable and 
ineffective speculation on the purposes of nature and the ways of 
birds was soon to give place to a careful analysis which drastically 
changed man’s basic conception of his place in the world, the 
change initiated by Darwin, when he wrote of the Galapagos: 
‘The natural history of these islands is eminently curious, and 
well deserves attention. Most of the organic productions are 
aboriginal creations, found nowhere else, there is even a difference 
between the inhabitants of the different islands; yet all show a 
marked relationship with those of America, though separated 
from that continent by an open space of ocean, between five and 
SIX hundred miles in width. The archipelago is a little world 
within itself, or rather a satellite attached to America, whence it 
has derived a few stray colonists and has received the general 
character of its indigenous productions Considering the small 
size of these islands, we feel the more astonished at the number 
of their aboriginal beings, and at their confined range. Seeing 
every height crowned with its crater, and the boundaries of 
most of the lava-streams still distinct, we are led to believe that 
within a period geologically recent the unbroken ocean was here 
spread out. Hence, both in space and time, we seem to be brought 
somewhat near to that great fact—that mystery of mysteries— 
the first appearance of new beings on this earth.’ 
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Something more is included in our classification than mere resemblance .. 
Propinquity of descent,—the only known cause of the similarity of organic beings, 
—is the bond, hidden as it is by various degrees of modification, which is partially 
revealed to us .. Thus the grand fact in natural history of the subordination of 
group under group, which, from its famihanty does not sufficiently strike us, is 
in my judgement explained 

Chahles Darwin . The Origin of Species, Ch xiii '• 


DIFFICULTIES 

Before any discussion of them is possible, Darwin’s finches 
must be named, although this in itself commits one to a partial 
interpretation of the problems of their evolution Fortunately, 
there is no longer any serious dispute as to the correct naming 
of the various forms. At one time matters were otherwise, and 
authorities differed considerably as to which specimens should 
be ascribed to different species, which were island forms of the 
same species, and which were merely varieties. 

These differences of opinion arose from the inadequacy of the 
collected material, but they were considerably accentuated by 
the unfamiliar nature of the variations found among the finches, 
which often ran contrary to the experience of museum sys- 
tematists accustomed to working with European or North 
American birds. In continental passerine birds, closely related 
species tend to differ from each other chiefly in plumage, and they 
are usually similar in beak and other structural characters. 
Differences in beak more usually characterize the broader units, 
the different genera. In Darwin’s finches, on the other hand, 
closely related species usually differ markedly in beak, but little, 
if at all, in plumage, and plumage differences are chiefly important 
in distinguishing the different genera 

A further unusual feature in Darwin’s finches is that some of 
the species are highly variable. For example, individuals of the 
ground-finch Geospiza fortis are so variable m beak that they were 
for a long time considered to belong to at least two, and by some 

* To provide a succinct quotation, I have taken the last sentence of the above 
from a paragraph which precedes the rest But there is no distortion of Darwin’s 
meanmg 
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authorities to three or more, separate species. Extensive collec¬ 
tions were needed to establish that in fact only one exceptionally 
variable form was involved. Had only two specimens of this 
species been known, one at the mmimum of size and the other at 
the maximum, systematists might well have placed them m 
separate genera. 

ENGLISH NAMES 

The species of Darwin’s finches are most clearly and simply re¬ 
ferred to by their scientific Latin names, but to help the reader 
to picture the birds, I have given each species a brief descriptive 
English designation. English names have been invented for 
some of the species by previous systematists, and Hellmayr (1938) 
has produced a complete list. But Hellmayr’s names tend to be 
mere translations of the Latin ones, and are not sufficiently 
descriptive to help the general reader, while a few are actually 
inappropriate Because of these objections, and because Hell¬ 
mayr’s names are mostly of recent origin and are not yet sanct¬ 
ioned by custom, I considered it justifiable to replace them by 
a new and more appropriate set This change should not cause 
confusion, as each species is always referred to by its scientific 
Latm name, and the preceding English name should be regarded 
merely as a supplementary description. There are not, of course, 
any local or traditional names for the finches m the Galapagos 
The genera, species and island forms of Darwin’s finches are 
briefly summarized in Tables II, III and IV which follow later 
in this chapter In addition, the species are illustrated in Fig. 8 
(p 19), also in the Frontispiece and Plates III, IV and V. It is 
hoped that these illustrations, the three tables and the English 
designations of the birds will keep the characteristics of the 
various forms sufficiently in readers’ minds for the argument of 
later chapters to be clear. 

THE SUBFAMILY 

On anatomical grounds, Snodgrass (1903), Sushkm (1925, 1929) 
and Lowe (1936) are agreed that the varied forms comprising 
Darwin’s finches are all closely related to each other, including 
the peculiar warbler-finch Certhidea, which superficially looks 
much more like a warbler than a finch, Certhidea was placed with 
the other finches when first described by Gould m 1837, though 
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Darwin wondered whether this was correct Later workers con¬ 
sidered that the bird was not a finch at all, and placed it in various 
families, latterly with the American warblers (Mniotiltidae). 
However, the findings of Snodgrass have now been generally 
accepted, and our own field study has revealed strong similarities 
in breeding and other behaviour, confirming the close relation¬ 
ship of all the forms with each other, including Certhidea 

The whole group may be termed the Geospizmae, a subfamily 
of the finches (Frmgilhdae), to which Sushkin and Lowe showed 
that they are related For simplicity they are referred to in this 
book as Darwin’s finches The term ‘Galapagos finch’ is less 
satisfactory, since one species, namely Pinaroloxias inornata, 
occurs not m the Galapagos, but on Cocos Island, 600 miles to the 
north-east. Similarities m plumage and anatomy show that 
Final oloxias is undoubtedly one of the Geospizmae With this 
exception, Darwin’s finches are confined to the Galapagos. 

All of Darwin’s finches are gieyish brown, short-tailed buds, 
with fluffy rump feathers In some species the two sexes are 
alike in plumage, in others the males are distinguished by a vary¬ 
ing amount of black feathering, while the male Certhidea has an 
orange-tawny throat. All the species build roofed nests, large for 
the size of the bird, and lay white eggs spotted with pink, four to 
a clutch All are territorial and monogamous, and in all species 
courtship includes display with nest material and the feeding of 
the female by the male. There are many other similarities in breed - 
mg behaviour, and many resemblances in internal anatomy They 
vary m size from a small warbler to a very large sparrow, and their 
feeding habits are exceedingly diverse, as are their beaks, which 
range from delicate and thin to stout and huge. 

GENERA 

Swarth (1931), the latest authority, divided Darwin’s finches into 
six genera, while a seventh has been used by some other workers. 
The beak differences between these seven subgroups are so 
marked that, if they were continental passerine buds, they would 
unhesitatingly be classified as separate genera However, m most 
other respects, including plumage and breeding habits, some of 
these subgroups are closely similar to each other. Further, since 
Darwin’s finches are in this book divided into only fourteen 
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species, the employment of six or seven generic names seems 
excessive. For these reasons only four genera are used here, as 
set out in Table II. 

Table II Genera of Darwin’s Finches 

Full male No of 

Genus Designation plumage Beak Chief food species 

Geosptza Ground-fineh Wholly black Fincli-like Seeds (cactus 6 

(one longer) in one case) 

Camarhynchus Tree-flnch Partly black or Thick, shape Insects (fruit 6 

without black variable in one case) 

Cerlhidea Warbler-hnch Orange-tawny Slender, Small insects 1 

throat warbler-like 

Pinarolonas Cocos-finch Wliolly black Slender Small insects 1 

deeurved 

Nole As here used, Geospiza includes the species scandens, sometimes placed in a separate 
genus Cactornis, while Camarhynchm meludes the three genera Platyspiza, Camarhynchus 
and Caclospim of Swarth (1931) 

DETERMINATION OP SPECIES AND SUBSPECIES 
The scientific classification of birds, started by Aristotle and 
continued after a long interval by Gesner, Ray, Lmnaeus and 
many others, was in the first place a tabulation of existing know¬ 
ledge regarding the birds of their own countries. The species 
concept of the early naturalists, though at first implicit rather 
than explicit, was more or less sound, because it was based on 
familiar animals It was early appreciated that birds consist of 
separate kinds or species, that the members of each kind have m 
common certain characteristics m which they differ from all other 
kinds, and that the individuals of one kind do not usually breed 
with those of any other. 

Later, when travellers brought back bird specimens from 
distant parts, naturalists began to give names to birds which 
they had not studied in their natural haunts, a practice which 
has continued up to the present time. Darwin’s finches, for 
example, have been named and described m seven big systematic 
papers, those of Gould (1841), Salvm (1876), Ridgway (1897), 
Rothschild and Hartert (1899,1902), Snodgrass and Heller (1904) 
and Swarth (1931), while these and other authors, including 
Hellmayr (1938), have also contributed shorter papers and notes. 

But of these men, only Snodgrass and Heller had seen alive the 
birds of which they wrote, though Swarth was able to visit the 
Galapagos some years after his paper was published. 
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The naming of the first bird species was based on a wide ex¬ 
perience of living birds in their natural homes Obviously the 
determination of species from specimens brought by others from 
strange places is a much more superficial procedure However, 
the great majority of the birds of the world have been named 
solely from the appearance of their skins, the latter preferably 
being collected as a series, together with information as to age, 
sex and locality Despite the superficiality of this information, 
later field study has nearly always confirmed the diagnoses made 
by the skilled museum systematist, and has shown that the 
species which he has named are m fact separate breeding-units. 
It has sometimes been claimed that tlie museum worker is en¬ 
gaged m compiling a purely artificial catalogue of the animal 
kingdom But, in birds at least, this statement is untrue, and 
the discontinuities which separate names imply exist in nature 
Even in the exceptionally difficult group of Darwin’s finches, our 
field observations have shown that no fundamental alterations 
are required m the classification by Swarth (1931) based purely 
on museum specimens, and the only changes introduced here 
have been with the object of reducing the number of essential 
names to a minimum Owing to the comparative ease with which 
bird species can be distinguished, and helped by the fact that 
there are a moderately large but not an excessive number of 
species, avian systematics is in a far more advanced state than 
that of any other class of animals. As a result, buds provide 
particularly good material for studying the origin of species. 

Widely distributed bird species tend to be subdivided into 
geographical races or subspecies. The term subspecies has been 
used rather loosely in some other groups of animals, so it may be 
emphasized that in birds it is synonymous with a geographical 
race In continental birds, tliere is usually no difficulty in de¬ 
ciding vlicthcr two different foims should be classified as sub¬ 
species or species Subspecies, as the term implies, differ from 
each other to a smaller extent than do full species, the differences 
chiefly involving shade of plumage and size But a more im¬ 
portant cntei ion is that of geographical distribution Subspecies 
of the same species always breed m separate geographical regions, 
and where their respective breeding zones adjoin, they often 
interbreed freely and incergi ade in characters On the other hand, 






determination of species and subspecies ir 

two forms which breed m the same region without normally 
interbreeding are always classified as separate species, however 
similar they may be to each other in appearanee. 

Since, as discussed later, new species evolve from subspecies, 
there is no absolute division between the two categories, and the 
decision in border-line cases is inevitably arbitrary. Difficulty 
occurs chiefly in regard to related forms which occupy separate 
geographical regions, like subspecies, but which differ from each 
other more markedly than is usual among raees of the same 
species. This happens not uncommonly among related island 
forms, and as these are isolated from each othei geographically, 
it IS often impossible to know whether or not they would freely 
interbreed with each other if they met. In general, it is more 
useful to emphasize the affinities rather than the distinctiveness 
of such island forms Hence m Darwin’s finches I have wherever 
possible treated them as subspecies of one species rather than as 
separate species This also has the advantage of reducing the 
number of essential names. On the other hand, Swarth treated 
many of these distinctive island forms as separate species. On 
such a point, nomenclature is arbitrary. 

SPECIES OP DARWIN’S FINCHES 

With the above pomts in mind, Darwin’s finches have in this 
book been divided into fourteen species The characteristics of 
these birds are considered m detail in later chapters. The chief 
differences concern the size and shape of the beak, and at this 
stage a sufficient summary is provided by Table III, together 
with Fig 3, as set out overleaf 

ISLAND SUBSPECIES 

Most species of Darwin’s finches occur on a number of islands. 
In some cases the island populations differ sufficiently to justify 
division into subspecies, in other cases the differences are less 
marked, and m yet others they are barely perceptible. Provided 
the degree of difference is described, the question of which island 
forms should be named is unimportant and inevitably somewhat 
arbitrary In this book I have treated a form as a separate race 
or subspecies when I could distinguish at least 75 per cent of the 
available specimens from the specimens of any other form As a 
result, I have used fewer subspecific names than did Swarth 
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(1981), Incidentally, the general reader need not trou 
remember the subspecific names, since for most purposei 
form IS sufficiently indicated by its specific name togethe 
the name of the island or islands on which it occurs. T1 
tribution of the various species and island forms is she 
Table IV, p. 20. 
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Table III. Species of Darwin’s Finches 


Scientific name 

Geospiza magmroslns Gould 
Geospxtia foTtis Gould 
Geospiza fuhginosa Gould 
Geospiza difficihs Sharpe 
Geosptia standens (Gould) 

Geospiza comrvslns Ridgway 
Camarhynchus crassiroslns Gould 
Camarhynchus psitlacula Gould 
Camarhynchus pauper Ridgway 

Camarhynchus parxmlus (Gould) 
Camarhynchus paUidus (Selater and 
Salvin) 

Camarhynchus hehobates (Snodgrass and 
HeUer) 

Certhidea ohvacea Gould 
Pinaroloxxas inomata (Gould) 


Descriptive design 
Large ground-finch 
Medium ground-finch 
Small ground-finch 
Sharp-beaked ground 
Cactus ground-finch 
Large cactus ground-1 
Vegetarian tree-finch 
Large insectivorous ti 
Large insectivorous ti 
on Charles 

Small insectivorous ti 
Woodpecker-finch 

Mangrove-finch 

Warbler-finch 

Cocos-ftneh 


Notes, (i) Geospiza comrostns has obvious affinities with G. scandens 
places it geographically, but it is so distinctive that it is given a separate 
name. It should perhaps be reckoned as part of the G scandens superspei 
this is not certain 

(ii) The distinctive island forms related to Camarhynchus psitlacula hav 
to been regarded as separate species, but they are here united under C pt 
except for C pauper, which, though no more distinctive than the rest, 
treated as a separate species, as it occurs together with C. psitlacula on 
without intermingling The significance of this case is discussed later. 

(ill) Since the genera Certhidea and Pinaroloxias each include only one 
there is no need to give both generic and specific names m the text, and tl 
are normally omitted But the names of the other species are required 

(iv) In Camarhynchus, confusion is possible as regards the gender of the 
names The International Rules of Nomenclature state that where the 
name is an adjective it should follow the gender of the generic name, but 
IS a noun m apposition it should keep its own gender In 1837 Gould 
Camarhynchus psitlacula, psitlacula is to be regarded as a noun in ajipos 
Gould's alteration to psiHacuhis in 1841 has not been adopted But when th< 
originally named Geospiza parvula and Cactornis pallida are, as here, tiai 
to the genus Camarhynchus, they become pnroulus and pallidus respectiveh 
latter are adjectives There are an increasing number of systemotists who 1 
the termination of an adjectival speciiic name should not be changed in tl 
particularly as so many modern generic names are indeterminate as to 
This view has much to recommend it, but as the international rules of 
clature are explicit on this point, and have not, as yet, been changed, t 
followed in this book 
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Table IV. The Distribution and Island Forms of 
Darwin’s Finches 


Species 

Geospiza magninstris 
G forlis 
G fuligmoM 
G difficihs 
G scandetis 
G comrostiis 

Camarkifnchus crassirostris 
C psitlacula 
C pauper 
C paTvulus 
C. palliduet 
C, hehobates 
Certhidea ohvacea 
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A'tite6 (i) ‘ X' denotes a resident breeding population, and the other letters a division into 
island forms as follows: 

Geospiza diffiahs 

A=seplentnomhs Rothschild and Hartert, B=:difflcilu Sharpe, C^debihmins Ridgway 
Geospiza ccmrostns 

A=darmni Rothschild and Hartert, B=propinqua Ridgway, C = comrostns Ridgway. 
Camarhynchiis pnilamla 

A=habeh Solater and Salvin, B=psilUieula Gould, d-affinis Ridgway 
Camarbynchus parvulus : 

A=panmlus (Gould); B=salmm Ridgway 
Camarbynchus palhdus- 

A=paUidus (Selaterand Salvin), B=slnatipectus (Swarth) 

Certbidea ohvacea. 

A =fiecAM Rothschild, B = mcntalx3 Ridgway, C=fusca Scloter and Salvin, D = ohiiflcea 
Gould, E=bi/ascia(a Ridgway, F^luteola Ridgway, G = cinerascens Ridgway, 
Ji=ndgaiayi Rothschild and Hartert 

(ii) One adult Geospiza difficihs debihroslns collected on South Albemarle, two adults 
probably referable to G dijjicihs difficihs from Narborough, three Camarbynchus parvulus 
from Abingdon and one C. pallidus from Charles are very probably representatives of small 
breeding populations on these islands, but the numbers collected are too small for this to 
be considered certain, so they are listed with a query in the table 

(ui) Geospisa scandens defies consistent nomcnclatural treatment, the forms on the ad¬ 
jacent islands of James and Bmdloe are completely separable, so should receive separate 
subspcciflc names, but the gap between them is bridged by the populations on islands south 
of both of them. Hence all the island forms have hesitatingly been muted under one name 

(iv) If Darwin’s large specimens of Geospiza magmrostns are accepted as belongmg to an 
extmct form from Charles (see p 22), then the speounens of this species from all other 
islands ought probably to be referred to another subspecies, G. magniroslns strenua Gould. 
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So much collecting has been carried out that, apart from the 
doubtful cases in note (u), Table IV can probably be taken as a 
complete list of the finch species breeding on each Galapagos 
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island. In addition there are a few cases, not listed in the table, 
in which finches have wandered from one island to another 
without becoming established. The Academy expedition caught 
a juvenile of the cactus ground-finch Geospiza scandens at sea 
20 miles south of Indefatigable, and have four records of the 
medium ground-finch G.fortis seen a few miles offshore. The same 
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expedition took fifteen juvenile specimens of G. foitis on Hood. 
No other collectors have found this species on Hood, and we saw 
none there, despite careful search, so the Academy birds were 
presumably stragglers. The same probably applies to one 
specimen of G fortis, four of the small ground-finch G fuhginosa, 
and one of the small insectivorous tree-finch Camarhynchus 
parinilus, taken by the Academy expedition on Wenman, as all 
were juveniles, and these species have not otherwise been found 
there Wenman is so small that, if these species had been resident, 
they could scarcely have been overlooked by other collectors. 
Another preusumed straggler m the Academy collection is a 
typical specimen of the large ground-finch Geospiza magnirostris 
from Charles, wliere no other recent expedition has found this 
form. The occurrence of these stragglers, nearly all juvenile in¬ 
dividuals, IS of importance when considering the degree of 
isolation of island forms.^ 

EXTINCT PORM.S 

Nearly all the finches collected by Charles Darwin are similar in 
appearance to those taken by later collectors, but there are two 
forms whicli iiave not been recorded since 1835. First, there are 
three male and four female specimens obviously referable to the 
large ground-finch Geospiza magmrostns, but which are con¬ 
siderably larger than any collected since They are labelled as 
coming from Charles, but Swarth (1931) thought that this was 
probably a mistake, and concluded that the form of this species 
must have changed since the time of Darwin’s visit However, 
while it would be pleasing to demonstrate measurable evolution 
on the basis of specimens collected by Darwin, it seems far more 
probable that these large birds represent an extinct subspecies 
of G raagniiostris from Charles, where the bird no longer resides. 
Darwin collected typical present-day G magmrostris on James, 
and expressly noted tliat the larger form did not occur there 
Further, though Darwin unfortunately mingled some of the 
specimens from different islands, his remarks (1839) make it 

^ There are some further specimens of Darwin's finches, collected by other 
expeditions, which certainly do not represent breeding populations on the islands 
where they were found, and bo may either be stragglers or are incorrectly labelled 
These are one adult Geottpizafor/is labelled as from Tower, one G Acanc/ens ot the 
Bindloe type from James, one G c comro&fris from Gardner near Charles (which 
suggests an error for Gardner near Hood, where this form occurs), and two 
Camarhynchus psxttacula from Chatham 
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clear that this applied only to specimens from the first two islands 
which he visited, namely, Chatham and Charles. When on 
Charles, Darwin came to realize that specimens from different 
islands might differ in appearance, and thereafter he kept the 
collections from each island separate Hence specimens labelled 
as coming from either Chatham or Charles were presumably 
collected on either one or the other Darwin’s specimens most 
probably came from Charles, smce he spent only a few hours 
ashore on Chatham, but several days on Charles. Further, Charles 
IS a small island and was intensively settled just before Darwin’s 
visit. Probably as an indirect result of this settlement, the en¬ 
demic mockingbird Nesorntmus has become extinct on Charles, 
and the same factor possibly brought about the extinction of the 
Charles form of Geospiza magmrostns 
Also among the Beagle specimens are two which in my opinion 
belong to an unknown form related to the sharp-bealced ground- 
finch G. difflcilis They have a similar shape of beak, though the 
beak is larger Gould named one of these specimens G. nebulosa, 
and, I think mistakenly, referred a second rather similar specimen 
to another species. The one named G nebulosa is labelled as 
coming from Charles, so it may well represent an extinct form of 
G. difficilis from this island, as the latter species does not occur 
there at the present time. It may be added that Darwin also 
collected a typical specimen of G. difficihs, presumably on James, 
as it belongs to the James form of this species 

INTERMEDIATE SPECIMENS 

Rumour has it that the gardens of natural history museums are 
used for surreptitious burial of those intermediate forms between 
species which might disturb the orderly classifications of the 
taxonomist. Actually, specimens intermediate between two 
species are extremely rare in birds, and almost every specimen 
can be immediately assigned to a known species, except m a few 
cases where an obvious hybrid is involved. But in this respect 
Darwin’s finches are exceptional, and specimens intermediate 
between two species, though rare, are less rare than usual. As 
discussed in Chapter x, some of these intermediates are probably 
freaks, and others are possibly of hybrid origm. Their existence 
has added to the difficulties of the systematist in correctly 
determining the species of Darwin’s finches. 
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The several species of Gcospiza are undistinguishable from each other in habits 
They frequent the rocky and extremely and parts of the land sparingly covered 
with almost naked bushes, near the coasts .. .1 seldom, however, saw these birds 
in the upper and damp region, which supports a thrivmg vegetation 

Chasles Darwin- The Zoology of the Voyage of H M S ‘Beagle' 

HABITAT DISTRIBUTIONS 

In Europe and North America, closely related species of song¬ 
birds tend to occupy different habitats, and one of the first 
questions investigated during our visit to the Galapagos was the 
extent to which the same might apply in Darwin’s finches The 
Galapagos provide three mam habitats suitable for passerine 
birds, first an and lowland zone, secondly a humid forest zone, 
and thirdly a humid zone of open uplands, while between the and 
lowlands and the humid forest is a large area transitional in type 
A fourth habitat, coastal mangrove swamp, occupies extensive 
areas on Albemarle, but only small areas on other islands. The 
distribution of Darwin’s finches in these habitats is summarized 
in Table V. 

GENERIC DIFFERENCES 

Table V shows that there is a broad difference in breeding habitat 
between the ground-finches Geospiza and the tree-finches 
Camarhynchus, since the former (omitting G. difficilis) breed in 
the and zone, but not in the humid zone, while the latter (omitting 
C. heliohates) breed m the humid zone and only rarely in the arid 
zone. But their separation is very incomplete, since the members 
of both genera breed side by side m the extensive areas occupied 
by the transitional zone. Outside the breeding season the habitat 
difference largely disappears, since the ground-finches then feed 
regularly in the open uplands and in open parts of the humid 
forest, while the tree-finches become common in the and lowlands. 

There is also a broad difference in feeding habitat between the 
two genera, since the species of Geospiza tend to feed on the ground 
and those of Camarhynclius m the trees But all the tree-finches 
also feed regularly on the ground, while in the breeding season 
the ground-finches feed commonly in the trees. 
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The warbler-finch Certhidea has a wider breeding range than 
the other genera, since it breeds commonly throughout the and, 
transitional and humid forest zones, and also on the uplands 
where there are bushes or thick bracken. It is also the only one 
of Darwin’s finches to occur on all the mam islands, and nearly 
everywhere it is the most numerous species 

Tabi.e V Breeding and Feeding Habitats or 
Darwin’s Pinches 


Species 

Chiefly breeds in 

Chiefly feeds on or in 

GEOSPIZA 

magmrostns 

And and transitional 

Ground 

fortis 

And and transitional 

Ground 

fuhginosa 

And and transitional 

Ground 

dijficihs 

Varies with island form 

Ground (and Opuntia) 

scandens 

And and transitional with 
Opunlia 

Opuntia 

coniroslns 

And 

Ground and Opuntia 

CAMARHYNCHUS 


crassirosins 

Transitional and humid 

Trees 

pstUacula 

Transitional and humid 

Trees 

pauper 

Transitional and humid 

Trees 

parvulus 

Transitional and humid 

Trees 

palhdus 

Transitional and humid 

Trees 

hehobates 

Coastal mangroves 

Mangroves 

CERTHIDEA 

ohvacea 

And, transitional and humid 

Bushes and trees 

PINAROLOXIAS 

xnornata 

Cocos forest 

Trees and ground 


Notes (i) The variations in Geospiza dtffiahs are set out m Table VI, p 27 

(ii) While all the species of Camarhynchus (except C hehobates) breed mainly in 
the transitional and humid zones, they are occasionally found singing m the and 
lowlands C crasstrostns and C paumlus were proved to nest there in small 
numbers, and the other species perhaps do so locally or in small numbers In the 
humid zone these species extend to the tree limit, but except for C palhdus they 
are scarce above the forest 

None of Darwin’s finches has become adapted for breeding 
on the open uplands away from thick cover. Although this group 
has produced such unfinchlike forms as the warbler-finch and 
the woodpecker-finch, there is not, as yet, a ‘ lark-finch ’. This is 
somewhat curious, as m other parts of the world finches have 
become adapted to open country away from all bushes and trees. 
The latter, for instance, is true of several European and North 
American buntings and longspurs Since the Galapagos uplands 
occupy only a very limited area, there is perhaps scarcely room 
for a special form to evolve there. 



26 


ECOLOGY 


CLO&ELY RELATED SPECIES 

The closely related species of Darwin’s finches do not in most 
cases occupy separate habitats Thus the four common species of 
Camarhynchus breed side by side m the transitional and humid 
forest. This applies to the vegetarian tree-finch C. crassirostris, 
the two insectivorous tree-finches C psittacula and C parvulus, 
and the woodpecker-finch C. pallidus. In only one case are two 
species separated m habitat, the mangrove-finch C. heliobaUs 
breeding exclusively in the coastal mangrove belt and the closely 
related woodpecker-finch C. pallidus inland; the former species 
IS confined to Albemarle and Narborough. 

Similar considerations hold in the ground-finches Geospiza. 
The habitats of the large G magnirostns and the medium 
G. fortis seem identical, while that of the small G. fuhginosa is 
extremely similar. As compared with the two former species, 
G. fuligtnosa is slightly less tolerant of dense transitional forest 
and slightly more tolerant of low trees, but this makes little 
difference in practice, and the three species nearly everywhere 
breed side by side. The fourth species, the cactus ground-finch 
G scandens, has a more restricted habitat, since it is confined for 
breeding to the prickly pear Opuntia, But prickly pear trees 
occur commonly throughout the and and transitional zones on 
most islands, so that Geospiza scandens is correspondmgly wide¬ 
spread, and it IS not segregated from the other three ground- 
finches, since all of these nest freely in Opuntia. 

The fifth species of Geospiza, the sharp-beaked ground-finch 
G. difficilis, IS peculiar since it differs m habitat on different 
islands, as set out in Fig. 5 and Table VI, opposite. 

Table VI shows that on the central islands of James, Inde¬ 
fatigable and Abingdon, the sharp-beaked ground-finch G diffi- 
cilis breeds only in the humid forest, whereas on the outlying 
islands of Culpepper, Wenman and Tower it breeds in the and 
lowland zone, which is the only zone present. As discussed in 
Chapter xi, G difficilis is probably an older form than the small 
ground-finch G fuhginosa, and its peculiar habitat distribution 
IS best explained by supposing that it has been eliminated by 
G fuUginosa wherevei the two species have come in contact. 
G. fuhginosa breeds on all the main Galapagos islands except the 
outlymg Culpepper, Wenman and Tower, and only on these latter 
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Pig 5 Distribution of Geospiza difflcihs (black) in relation to that of G. fultginosa 
(stippled). 

The interrupted lines show the distribution of the three races of G difficilis: 
1, septentnonalis, 2, dijjicilis, 3, debiliroslris 
For details, see Table VI below 


Table VI Breeding Zone op Geospiza difficilis 


Subspecies 
G d septentnonalis 

G d difficilis 
G d difficilis 
G d debiliroslris 


Island Zone 


Culpepper and 
Wenman 
Tower 
Abingdon 
James and In¬ 
defatigable 


And 


Humid 


Comment 

No other zones present G 
Juhginosa absent 

G fuliginasa breeds in and 
and transitional zones 


Notes (i) The Culpepper and Wenman form differs from the others in feedmg 
on Optmtia 

(ii) G difficilis may also breed m small numbers m the humid forest of South 
Albemarle and on the high ground on Narborough (see p 20) 
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islands does G. difficilis breed m the and zone. However, G.fuh- 
ginosa seems unable to breed m humid forest, and G difficilis 
also breeds on those Galapagos islands which have humid forest, 
namely, James, Indefatigable and Abingdon (and possibly 
Albemarle and Narborough, see p. 20) 

The distribution of G diffiicihs in the Galapagos presents a close 
parallel with that of the bank vole Evotomys (now Cleihrionomys) 
nagen in western Europe, discussed by Barrett-Hamilton and 
Hinton (1913-14). In western Europe C. nagen occurs primarily 
at higher altitudes, being replaced at lower altitudes by a related 
species C. glareolus But geographical forms of C nagen live at 
low levels on a few outlying European islands, such as Jersey, 
Skomer, Mull and Raasay, where C glaieolus is unknown. The 
evidence suggests that in late pleistocene times C nageri was 
widespread at lower altitudes, and that its more restricted distri¬ 
bution at the present day is due to competition with the later 
arrival C. glaieolus At the latitude of Britain and France, 
C. nagei i survives at low altitudes only on those islands which 
C glareolus has not leached. 

LIMITS TO HABITAT DISTRIBUTION 

The preceding suivey shows that, except in two cases, the closely 
related species of-Darwin’s finches are not separated from each 
other in habitat They are thus in marked contrast to many 
European passerine birds For example, three species of pipits 
breed in Britain, the rock pipit Anthus spinoletta on rocky shores, 
the meadow pipit A. pratensis m open country inland, and the 
tree pipit A trivialis in open country with trees In the main the 
three species breed apart from each other, and they come in 
contact only where their respective habitats adjoin. A general 
survey of British breeding song-birds provides many similar 
examples (Lack, 1944 a) 

It has sometimes been assumed that in such cases the chief 
factor which prevents one species from breeding in the habitat 
of a closely related form is a difference in food requirements. 
However, the species concerned often eat very similar foods. For 
example, in Britain the reed bunting Embenza schoeniclus breeds 
primarily in marshes and eats a wide variety of marsh plants and 
insects, while the yellow bunting E. citrinella breeds m dry scrub 
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and eats a similar variety of plants and insects of drier country. 
All the evidence indicates that this small difference in diet is the 
result, and not the cause, of the habitat difference, particularly 
bearmg in mind the varied nature of the foods taken by each 
species. A parallel argument applies in many other cases 

Habitat differences have also been attributed to climatic 
factors, temperature, humidity and the like. But birds are warm¬ 
blooded and comparatively mdependent of their physical en¬ 
vironment. Climatic differences could scarcely account for the 
restriction of the reed bunting to marshes and the yellow bunting 
to drier country in the same region, or of the meadow pipit to 
open treeless country and the tree pipit to open country with 
trees in the same region. Obviously a species can breed only 
where food and climate permit, and certain habitats are thereby 
excluded, but most birds have a specific habitat which is far 
more restricted than can be accounted for solely through the 
direct effects of food and climate. 

Field study has shown that each species of bird selects its 
habitat, recognizing it by features which are not necessarily those 
directly essential to its existence (Lack, 1988). Such habitat 
selection has survival value, since if a bird breeds m the habitat 
of its ancestors it will probably be successful, while if it tries 
elsewhere the habitat may be unsuitable. At one time I supposed 
that the restricted habitat of each species was due primarily to 
the rigidity of its behaviour, and that, could it break away from 
the latter, it might be successful in other habitats. But further 
consideration has led to my abandoning this view. Just as a bird 
IS occasionally coloured abnormally, or lays freak eggs, so it 
occasionally breeds outside its customary habitat. But these 
irregularities do not normally persist, which strongly suggests 
that they are eliminated by natural selection. 

Rarely, a species is established locally in an unusual habitat, 
and such instances throw valuable light on the general problem. 
One case occurs in Darwin’s finches, since on three outlying 
islands the sharp-beaked ground-finch Geospiza dtfficilis breeds 
in the and lowlands, but it does not frequent this habitat on the 
central islands. As already discussed, this seems due to competi¬ 
tion with the related G fuliginosa. In general, competition 
between species seems one of the most important factors limiting 



80 


ECOLOGY 


habitat distribution in birds, A particularly good example is 
cited by Streseman (1939). In Burma, where there is no species 
closely related to it, the whitc-eye Zosterops palpebrosa breeds 
from sea-level to the high mountains. But in Malaya and Borneo 
it is restricted to the lowlands, and a related speeies of Zosterops 
oecupies the middle and higher zones. In Java, Bali and Flores, 
one closely related species of Zoster ops occupies the higher 
regions, and another the coast, and here Z. palpebrosa is restricted 
to the middle altitudes. These differences in habitat in different 
regions are obviously correlated with the presence or absence of 
related species. 

Another case of a local change in habitat occurs in the Gala¬ 
pagos, where the warbler Dendroica petechia breeds from the 
coast inland to the humid forest, whereas m Ecuador and 
Colombia it is confined to the coastal mangroves. The latter re¬ 
striction IS perhaps due to the presence inland of warblers or 
other birds which are absent from the Galapagos, but this view 
must be regarded as conjectural until further evidence has been 
obtained. It is interesting that Z>. petechia also breeds inland on 
some of the small West Indian islands, but on Jamaica and other 
large islands it is, as in Ecuador, confined to the coastal mangroves. 

Other cases of habitat variation on islands are summarized 
in a general survey published ekewhere (Lack, 1944 a). In the 
same paper instances are given in which two mainland races of 
the same species differ in habitat, such as the shore and alpine 
forms of the pipit Anthus spinoletta, the marsh and dry country 
forms of the song sparrow Melospiza melodia, and the woodland 
and moorland forms of the ring ousel Tm dm torquatus In most 
such cases, the reason for the differences concerned is not known 
That, as these instances show, birds can at times modify their 
choice of habitat, is important from the evolutionary standpoint, 
since environments do not stay permanently the same. 

To return to Darwin’s finches, in these birds, unlike continental 
land birds, the closely related species do not in most cases occupy 
separate habitats. This difference is connected with other 
ecological factors to be discussed in Chapter VI, and further 
consideration is postponed untd then The significance of habitat 
differences in regard to the origin of species is another important 
problem which cannot be discussed until later in the book. 
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Darwin’s finches build bulky nests, cup-shaped below, with a 
domed roof and a side entrance. The roof is perhaps of value in 
shading the eggs from the sun. Such roofed nests are common in 
tropical weavers and in Central American finches, but are rare in 
such birds outside the hot regions, so that when this habit is 
present, as in the house sparrow Passer domesticus, it suggests that 
the species may be of tropical origin. 

The nests of all the species of Darwin’s finches are extremely 
similar, including that of the warbler-finch Certhidea. Those of 
the larger species tend to be slightly bulkier than those of the 
smaller species, but there is an extremely wide overlap in this 
respect. The nest materials are also similar in all the species In 
the transitional and humid zones, twigs, grasses and large 
quantities of an epiphytic grey lichen are used, while m the and 
lowlands, where the lichen does not grow, the nests are made 
chiefly of twigs, grasses and wild cotton 

The nests are placed from 8 to 30 ft. above the ground, and 
there is little if any significant difference in the height selected 
by each species. Indeed, there is only one important respect in 
which different species differ m regard to nesting, this being in 
the extent to which the prickly pear Opuntia is used. The cactus 
ground-finch Geospiza scandens nests exclusively between the 
terminal pads of a prickly pear tree The other ground-finches 
commonly use the same situation, but in addition they frequently 
nest among small, closely growing twigs of Acacia, Maytenus and 
many other bushes and trees, usually at the end of a branch. The 
tree-finches Camathynchus and the warbler-finch Certhidea nest 
in the latter type of situation, but were never found nesting in 
prickly pear. The characteristic ground-finch nest in Opuntia is 
shown in Plate I (facing p 4) 

In all of Darwin’s finches the nest features prominently in dis¬ 
play, bothbetween an unmated cock and a passing hen and between 
a mated male and his mate. Although monogamous, the cock not 
only builds several nests, but also builds and displays regularly 
at nests which have been started by, or are still being used 
by, individuals of other species, either for display or breeding 
For example, a male warbler-finch Certhidea frequently visited. 
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displayed and built at a nest largely constructed by a medium 
ground-finch Geospiza fortis, which was also using it for display 
Elsewhere, the reverse was witnessed. Again, during two days’ 
observations of one courting male of the small ground-finch 
G. fuliginosa, this bird visited, built and displayed regularly at 
eight nests, some of which were also visited by males or pairs of 
four other species, namely, the medium ground-finch G. fortis, the 
tree-finches Camarhynchus crassirosiris and C parvulus, and the 
warbler-finch Cerlhidea Again, at the unexpected arrival of a 
female of its species, an unmated male Camarhynchus parvulus 
immediately displayed at and entered the nearest available nest, 
which happened to be one in which a hen woodpecker-finch 
C. palhdus was incubating; the latter promptly chased the in¬ 
truder out. Such incidents were repeatedly observed. Not only 
are the nests of other species used regularly for display, but for 
their final nest a pair often take over a nest built largely by 
members of another species. While display-building is carried out 
primarily by the cock, the final nest is usually built partly, if not 
mainly, by the hen. 

Nesting sites clearly provide no means of isolation between the 
various species of Darwin’s finches Indeed, there are no other 
birds in which the nests of other species are taken over so fre¬ 
quently and so cavalierly, since often they are just ‘borrowed’ 
for a particular occasion. Such a situation is possible because all 
the species have similar nesting requirements, and it is connected 
with the important part played by the nest in courtship. 

EGGS 

The eggs of the various species differ somewhat in size, but other¬ 
wise look much alike, being white with small pinkish spots. The 
usual clutch IS four, and almost all the broods seen out of the 
nest consisted of four young. We found no evidence for extensive 
sterility among the eggs, which was claimed by Beebe (1924) 
One pair of the small ground-finch Geospiza fuliginosa raised five 
young 

It is sometimes claimed that the number of eggs which a bird 
lays is regulated primarily by the mortality of the species, and 
that the upper limit of clutch size is nicely adjusted so as to 
avoid over-population. But it is extremely difficult to see how 
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such an adjustment can be brought about through natural 
selection, since the latter operates primarily for the survival of 
the individual, or of the individual family, and only incidentally 
for the good of the species. 

It seems much more likely that in birds such as Darwin’s 
finches, which feed their young in the nest, clutch size is fixed by 
the maximum number of young which the parents can success¬ 
fully raise at one time. Parents which raise fewer than the 
maximum number leave fewer offspring than those which raise 
the maximum, while when the maximum is exceeded, the 
brood tend to starve before leavmg the nest, so that there are no 
survivors. This supposition is corroborated by the fact that 
passerine and other birds tend to lay larger clutches and to raise 
larger broods the longer the hours of daylight, and so of available 
feeding time, in their breeding quarters. For example, Boyd 
(1986) has shown that the swallow Htrundo rusUca lays on the 
average a larger clutch in the north than in the south of Britain. 


BREEDING SE.4S0N 

All the Galapagos finches breed durmg the rainy season, which 
normally occurs between about December and March. In the 
transitional zone, where the ram starts about a month earlier 
than on the coast, breeding also starts about a month earlier. 
The birds raise a succession of broods until the end of the rainy 
season and then stop. If the rains contmue abnormally long, 
breeding continues likewise. Thus, in the exceptionally wet year 
of 1932, Swarth (MS. diary) found that breeding continued into 
June. At least in some years a little breeding takes place outside 
the rainy season, perhaps only when ram happens to fall m this 
period For instance, Gifford (1919) recorded some breeding on 
Abingdon durmg a rainy spell m September. In our captive 
ground-finches brought back to California, Dr R. T. Orr found 
that song was stimulated by the falhng of ram, as it is in the wild. 

No species of Daiwm’s finches are isolated from each other by 
breeding season The cactus ground-finch Geospiza scandens and 
the woodpecker-finch Camarhynchus pallidus start to breed a few 
weeks earlier than the other species m their respective habitats, 
but both species continue to breed for several further weeks 
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alongside the others. The other species start to breed at about the 
same time as each other. 

The adult finches normally moult after the breeding season, 
m May and June. To judge from collected specimens, the moult 
occasionally takes place at other times, perhaps when breedmg 
has occurred outside the normal season. 

ENEMIES 

Darwin’s finches have extremely few natural enemies. Gifford 
(1919) and Beebe (1924) record the Galapagos short-eared owl 
Asia galapagoensts as eating both the medium and the small 
ground-finch, Geospiza fortis and G. fuhginosa. This owl also 
subsists on rice-rats, lizards, grasshoppers and crabs, and it is 
doubtful whether ground-finches form a big part of its diet. The 
Galapagos barn owl Tyto punctatissima has not been recorded 
taking any of the finches, so is probably not a serious enemy, 
though it may be suspected that it takes an occasional individual. 
The European representatives of these two owls feed primarily 
on rodents, but to a minor extent on small birds The only Gala¬ 
pagos hawk, Buteo galapagoensts, is almost certainly harmless to 
the adult finches, though it might pick up an occasional fledgling 
Nor have any of the native Galapagos mammals or reptiles been 
recorded eatmg the finches The larger reptiles, it will be recalled, 
are vegetarian 

While the adult finches appear to have no serious natural 
enemies, the fact that their nests are placed inaccessibly at the 
ends of branches suggests that they may have potential nest 
enemies Perhaps the rice-rats, the snakes or the small lizards 
might take their eggs if they could reach them But at the ends 
of branches the nests seem safe enough The latter conclusion 
IS supported by the fact that the nest features prominently m 
display, a habit normally found only m birds, such as herons or 
cormorants, which have no nest enemies 

As compared with the birds of civilized countries, Darwin’s 
finches are remarkably tame. The naturalist can usually walk to 
within 10 ft of them, though, like other birds, they are somewhat 
warier near their nests We also observed that when several of 
the vegetarian tree-finch Camat hynchus ci assirostris were feeding 
on fallen fruit, a tame cat caught one of their number and scarcely 
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disturbed the rest. Some other Galapagos birds are tamer than 
the finches. Thus the hawk not infrequently allows itself to be 
touched, the mockingbird Nesomirmis sometimes pecks at the 
eyeholes of one’s boots, and individuals of the tyrant flycatcher 
Myiarchus magnirostris tried to remove the hair from our heads 
and bodies as nestmg material. In former times the birds were 
even tamer, and William Dampier records the dove Nesopeha 
galapagoensis settling m clusters on the hats and shoulders of 
his fellow buccaneers. Such tameness is general among birds 
which do not know man or other large enemies, but is gradually 
lost on those desert islands later colonized by man, a fact pointed 
out for the birds of the Falkland Islands by Darwin (1839) It is 
a curious pleasure to have the birds of the wilderness settlmg 
upon one’s shoulders, and this pleasure could be much less rare 
were man less destructive. 

Dr R. T. Orr found that, compared with Californian song-birds, 
our captive ground-finches were weak in flight and clumsy in 
manoeuvre, presumably because, in the Galapagos, selection is not 
maintained by fast-flying birds of prey. Yet, surprisingly, the 
captive finches showed marked fear of Californian hawks. Also, 
we on one occasion saw some ground-finches, chiefly the small 
Geospiza fuhginosa, mobbing a Galapagos short-eared owl. Per¬ 
haps, after all, the owl is a serious enemy, but more probably 
the finches have retained a response to predators which has 
little or no relevance to life in the Galapagos. Similarly, when 
Swarth (1935) put a Galapagos dove Nesopelia off its nest, it 
‘feigned injury’, although the bird apparently has no natural 
enemies. 

In Darwin’s finches each pair normally raises at least one 
brood of four young per year, and as the birds do not increase 
mdefinitcly, there must be a heavy mortality, but it is not at 
present known how the majority of the birds die. The only 
published record of heavy mortality is a note by Captain Colnett 
that in June 1793 he found great numbers of birds dead in their 
nests, but this appears to relate to fledglings rather than to adult 
birds. The only record of disease is a note by Gifford (1919) that 
individuals of Geospiza fortis, Camarhynchus crassirostris and 
Certhidea were suffering from diseased feet. The most likely 
causes of adult mortality among the finches are periodic food 
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shortage or disease, m which case their numbers are perhaps 
subject to marked fluctuations, but this interestmg problem can 
be studied only by long residence in the islands. 


Chaptee IV. FEMALE PLUMAGE 

When both sexes are obscurely coloured .and when no direct evidence can be 
advanced showing that such colours serve as a protection, it is best to own com¬ 
plete ignorance of the cause. 

Charles Darwin- Selection tn Relation to Sex, Ch xvi 

DIFFERENCES BETWEEN SPECIES 

In all of Darwin’s finches the females are dully coloured, the 
plumage differences between the species are m most cases slight, 
while some of the closely related species have identical plumage. 
The latter holds, for instance, m the case of the large, medium 
and small ground-finches Geospiza magnirostns, G. fortis and 
G, fuhgmosa, suggesting that these species may have diverged 
from each other only in comparatively recent times. In these 
three species, the upper parts are greyish brown with dark streaks, 
and the under parts are much paler with fairly heavy dark streaks. 
Their plumage forms a convenient standard with which to com¬ 
pare the other species, as set out m Table VII 

DARK STREAKING 

In Darwin’s finches dark streaking is probably primitive, as it 
occurs in the more finch-like genus Geospiza, but is reduced or 
absent in the tree-finches Camarhynchus and in the warbler-finch 
Certhidea, which have diverged more from the finch-like type. 
Further, though adults of the warbler-fineh Certhidea are un¬ 
streaked, juveniles of the Charles form are heavily streaked, as 
IS well known, juvenile animals frequently show primitive 
characters which have been lost in the adults. In all the other 
forms of Darwin’s finches, so far as known, the juveniles have 
similar coloration to the adult females 

It is not certain what advantage, if any, is associated with the 
loss of dark streaking m the tree-feeding genera Camarhynchus 
and Certhidea These birds are also paler on the upper parts than 
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are the female ground-finches, and as the ground provides a 
darker background than the trees, protective coloration is 
possibly mvolved. 


Table VII Specific Diffebences in Female Plumage 


Species 

Upper parts 

Under parts 

Rufous wmg-bar 

GEOSPIZA 

magnirostns 

forlis 

Standard 

Standard 

— 

Standard 

Standard 

— 

fuhginosa 

Standard 

Standard 

— 

difflcilis 

Darker 

More streaked 

Present m two races, 
rare in third 

scandens 

Dark as dtfficiha and 

As dtfflcihs 

— 

coniTostns Yet darker 

CAMABHYNCHUS 

Yet more streaked 

Sometimes m one 
race 

CTOssirostns 

More ohve-brown, 
less streaked 

More buff 

— 

pnttacula 

Paler, more ohve- 
grey, much less 
streaked 

Much less streaked 


pauper 

Darker and browner 
than psittacula 

More streaked than 
pnttacula 

— 

parvulus 

As pnttacula 

As pnttacula 

— 

palhdus 

Yet paler, almost un¬ 
streaked 

Almost or quite un¬ 
streaked 

— 

helxobales 

CERTHIDEA 

Dark as standard, 
rather less grey, 
much streaked 

Somewhat less 
streaked than 
standard 


obvacea Paler, colour vari¬ 

able, unstreaked 

PINAROLOXIAS 

Unstreaked 

Present m some 
subspecies 

tnornata 

Somewhat darker 
than difficihs and 
more olive 

Somewhat paler 

than difficihb, 
more buff, and 
somewhat less 
streaked 

Present 


Note. The above descriptions also apply to the males, except for those which 
have partly or whoUy black feathermg (discussed m Chapter v) 


Another possibility worth testing is Gloger’s rule, which states 
that the birds of more humid environments have darker plumage 
than those of drier climates. The reason for this correlation is by 
no means clear, but it is fairly common in birds. Examples are 
the darker coloration of forest forms as compared with those of 
open country m West Africa (Bates, 1931), and the darker 
plumage of certain British song-birds as compared with the con- 
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tmental races of the same species A similar correlation does not 
hold among Darwin’s finches. Most species of tree-finch Cama- 
rhynchus breed in the humid forest and most species of ground- 
finch Geospiza in the and lowlands, but the former have paler, 
not darker, plumage than the latter. Only one species of Cama- 
rhynchm, the mangrove-finch C. heliobates, breeds in the lowlands, 
and this bird has darker, not paler, plumage than the other 
species. The ground-finch with the darkest female plumage is the 
large cactus ground-finch Geospiza c. conirostris, which is con¬ 
fined to the particularly arid lowlands of Hood Another dark 
species is the sharp-beaked gi’ound-finch G. difficihs, of which one 
race breeds m the humid forest of James and Indefatigable and 
another in the and lowlands of Culpepper and Wenman, but the 
former is no darker than the latter Clearly, Glogei’s rule does 
not apply in Darwin’s finches. 

INDIVIDUAL VARIATION 

While the degree of streaking is characteristic for each species 
and race of Darwin’s finches, there is also a large amount of 
purely individual variation As a result, the specific and racial 
characters are true only as general tendencies. For example, 
females of the medium and small ground-finches Geospiza foriis 
and G fuhginosa are usually much streaked, but a few individuals 
are as little streaked as some forms of Camarhynchus, while a few 
others are streaked as heavily as females of the sharp-beaked 
ground-finch Geospiza difficihs and the cactus ground-finch 
G scandens. The amount of streaking in the females of the two 
latter species also varies individually, though usually it is 
heavier than m the other ground-finches Again, many of the 
tree-finches include both some unstreaked and some fairly 
heavily streaked individuals 

Four species of Daiwin’s finches slioiv a very small rufous 
wmg-bar, and this also is subject to marked individual variation 
Thus, 111 the Tower and Abingdon race of the shaip-beaked 
ground-finch G difficihs, only one collected individual had a 
bright rufous bar, in a few specimens the bar was dull rufous, in 
most it was browm, and in a few buff In the other races of this 
species, the wmg-bar is equally variable, though more often 
rufous. Likewise m the warbler-finch Certhidea, both the colour 
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and size of the bar vary markedly, and the proportion of in¬ 
dividuals with a rufous bar is different in each island form So 
far as known, this rufous wing-bar is functionlcss, and its sporadic 
('ccurrence m four widely different species (see Table VII) 
suggests that it is a primitive character in process of being lost. 
In the other species, the edges of the wing coverts are buff or dull 
brown. 

Most passerine birds seem less variable in plumage than 
Darwin’s finches, implying that selection is more rigid. This is 
possibly because most song-birds have a larger number of 
natural enemies than Darwin’s finches However, the latter 
reason is by no means certain. Most of the birds which have no 
animals preying on them, such as the birds of prey and the larger 
species of water birds, also show less individual variation in 
plumage than do Darwin’s finches. 

DIFFERENCES BETWEEN ISLAND FORMS 

In Darwin’s finches, small differences in colour of female plumage 
occur not only between some of the species, but also between 
island forms of the same species These are most marked in the 
warbler-finch Certhidea, as set out m Table VIII and Fig 6, are 
less marked in some of the other species, as shown in Table IX 
and Fig 7, and aie not found m the vegetarian tree-finch 
Cajnarhynchus crassirostris or in the three ground-finches Geospiza 
magmrostris, G foitis and G fuhginosa. 

In some birds the differences in colour between races of the 
same species arc adapted to differences in the environmental 
background This has been shown most convincingly for various 
larks, such as Galerida, Mtrafra, Spizocorys and Otocoris, in which 
a change in the colour of the background nearly always in¬ 
volves a parallel change m the colour of the larks, while ob¬ 
servers have tried in vain to chase the birds off the type of ground 
to which their plumage is adapted (Niethammer, 1940; Behle, 
1942) 

As summarized in Fig 6, the warbler-finch Certhidea shows 
differences in colour on different Galapagos islands, being 
browner on one island, greener on a second, greyer on a third and 
very pale on a fourth That these differences may be adaptive is 
suggested by the fact that the most olive forms of Certhidea are 
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those on Chatham, Indefatigable, James and Albemarle. These 
islands possess much more forest, and so a greener environment, 
than the more barren outlying islands. On islands of the latter 
type Certhidea is usually greyer or browner in colour. On 
Barrington, Certhidea is unusually pale, and this also may be 
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Fig. 0 Colour vanations in Certhidea 

The birds on James have been taken as standard For details, see Table VIII 

opposite 


due to protective coloration, as Gifford (1919) reported that the 
birds were most difficult to see there. Further, several other 
Galapagos animals have unusually pale forms on Barrington, 
such as the mockingbird Nesomimus (Swarth, 1931) and the 
two grasshoppers Liparoscelis and Schistocerca melanocera 
(McNeill, 1901; Snodgrass, 19026) However, there are other 

















Table VIII Plumage Variations in Cbrtbidea olivacea 
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colour variations in Certhidea which seem without adaptive 
significance. This applies particularly to the small rufous wing- 
bar, the extent of which vanes markedly, and apparently quite 
pomtlessly, from island to island. 

As shown in Table IX, some of the tree-finches Camarhynchus 
also differ in colour on different islands. These variations are 
extremely difficult to relate to possible differences in environ¬ 
ment. The tree-finches live in the humid and transitional forest, 
which looks very similar on different islands. Further, though 
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Fig 7 Colour variations in Camarhynchus palhdus. 


the various species live side by side in the same habitat, their 
colour variations do not run parallel with each other. For in¬ 
stance, on Chatham the small insectivorous tree-finch C. parvulus 
IS greener than on other islands, but the woodpecker-finch 
C. pallidm is less olive than the rule, while the vegetarian tree- 
finch C. crassirostris is normal. Again, the woodpecker-finch 
C pcdlidus is an unusually pale grey on James and North Albe¬ 
marle, but no other tree-finches are greyer than usual there. 
Similarly, the large insectivorous tree-finch C. psittacula is 
browner and more streaked on Albemarle, but this does not 
apply to the Albemarle forms of the other tree-finches Hence 
the colour differences in question may be without adaptive 
significance, but such a negative view is extremely difficult to 
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establish with certainty. Some of the colour differences between 
island forms of the ground-flnehes also seem pointless Thus the 
proportion of individuals with rufous on the wing-bar is markedly 
different in the three races of the sharp-beaked ground-finch 
Geospiza difficilis. 

To sum up, many tropical birds are brightly coloured. That 
Darwin’s finches are dull and ineonspicuous suggests that, 
though they have few enemies, these have been sufficient to 
promote some degree of concealing coloration This is sup¬ 
ported by the fact that the ground-finches live against a darker 
background than the tree-finches and are likewise of a darker 
colour, while some of the colour differences between island forms 
of Certhidea also seem adaptive. But other colour variations are, 
so far as known, without adaptive significance, notably the 
differences between island forms of the tree-finches, and the 
extent of the rufous wmg-bar in Geospiza difficilis and Certhidea. 
The possible ways in whieh non-adaptive differences might arise 
between island forms are considered in a later chapter. 


Chapter V: MALE PLUMAGE AND 
SEXUAL SELECTION 

In each species [of Geospiza] a perfect gradation m colouring might, I think, be 

formed from one jet black to another pale brown My observations showed that 
the former were invariably the males . The jet black birds were m singularly 
few proportional numbers to the brown ones I con only account for this by the 
supposition that the intense black colour is attained only by three-year-old birds 
Charles Darwin T/ie Zoology of the Voyage of H M S ^Beagle’ 

DISPLAY 

In Darwin’s finches, breeding behaviour follows the same 
general pattern as in the territorial song-birds of temperate 
regions. Each cock holds a territory in which it sings and fiom 
which it drives out other males, while the hen seeks out the cock 
in its territory to form a pair. Courtship includes five mam 
activities, the cock visits nests and carries building material m 
the presence of the hen, he feeds the hen by regurgitation, there 
are aerial chases, also postures on the ground and in the branches, 
and finally coition The birds display with excitement and 
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vigour, but the postures are simple and unspecialized, the 
commonest attitudes being with wings partly opened and rapidly 
vibrated, or alternatively with wings fully extended and held 
motionless or slowly waved. Darwin’s finches are among the few 
birds which use very similar postures in display between rival 
males, in courtship between male and female, and when the 
fledgling solicits its parents for food. 

The significance of these courtship activities is the same as in 
other song-birds, so comes outside the scope of this book. How¬ 
ever, one point is relevant, that the pattern of courtship be¬ 
haviour and the postures adopted are the same in all the species 
of Darwin’s finches. Nesting habits, incubation and care of the 
young are also similar throughout the group. Hence, in Darwin’s 
finches there is much greater uniformity in courtship habits than 
there is, for mstance, in the shape of the beak This illustrates the 
fact that, in birds, breeding habits and display can be as valuable 
an indication of affinities as are structural characters. 


SONG 

The song of the male Darwin’s finch has the same functions as 
in other song-birds, to advertise possession of territory to rival 
males and to hens in search of mates. In all the species the song 
IS simple, unmelodious and without complex phrases. The song 
of the larger species somewhat resembles that of the American 
redwinged blackbird Agelaim phoeniceiis, but is usually much 
less musical; there is no European counterpart. The song of the 
warbler-finch Certhidea is somewhat reminiscent of that of a 
wren Troglodytes, but is much feebler and less well phrased. 

In Darwin’s finches the variations in song between indi¬ 
viduals of the same species are marked, while the character¬ 
istics of the different species are ill defined. After much practice 
we could place many individuals m the correct species by their 
songs, but in many other cases this was extremely difficult or impos¬ 
sible. There was considerable overlap in the character of the song 
not only between different species, but even between individuals 
of different genera. Possibly, though there was confusion to the 
human ear, the birds could always recognize members of their 
own kind, but in most other parts of the world the naturalist 
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does not experience such difficulty in distinguishing the songs of 
different species. 

Mockingbirds are famous for the beauty and complexity of 
their singing, but the Galapagos mockingbird Nesomimus has a 
simple, dull and quiet song. Indeed, there is only one good 
songster among Galapagos birds This is the warbler Dendroica 
petechia, which looks so similar to the Ecuadorean form of the 
same species that it is almost certainly a recent colonist of the 
islands. The characteristic music of the Galapagos forest is not 
the song of birds but the braying of donkeys A similar poverty 
of bird song has been noted on other oceanic islands, so is perhaps 
a general tendency m such places. If so, the explanation may be 
similar to that advanced later for the loss of bright male 
plumage, but further observations are needed to establish this 
conclusion m the case of song. 

BLACK MALE PLUMAGE 

In all the species of ground-finch Geospiza, the juvenile male is 
coloured greyish brown like the female, but the fully plumaged 
male is wholly black except for white under the tail. The male 
first acquires the black feathenng round the base of the beak, 
then on the rest of the head, then on the upper breast and back, 
and finally on the lower back and abdomen. 

While many male Geospiza breed in fully black plumage, other 
individuals breed in plumage of juvenile pattern without any 
black, or in an intermediate stage with black confined to the 
head and breast, or simply to the head, or only to the front part 
of the head. These latter individuals have normally moulted out 
of their original juvenile plumage, but some or all of their new 
set of feathers are of juvenile (or female) pattern. Observations 
by Dr R. T. Orr on our captive finches show that the male 
normally develops black on the head in the second year, farthei 
down the body in the third year, and all over m the fourth year, but 
there is much individual variation, so that these stages overlap. 

Turning to the genus Camathynchus, in the vegetarian tree- 
finch C. crassirost? IS and in the insectivorous tree-finches 
C psiUacula, C pauper, and C. parvulus, the full male plumage is 
black on the head, upper breast and upper back, but not further 
'^own the body, i.e the final stage m these species corresponds to 
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a transitional stage in Geospiza. The black extends about half-way 
down the body in Camaihynchus oassifostns and about one-third 
of the way down in the other species. Actually two specimens 
of C. crassirostns and one of C. psittacula had black feathering 
over almost the whole body, showing that as a rarity these species 
attain the condition which m Geospiza is normal. In these four 
species of Camarhynchus, as m Geospiza, many individuals breed 
in plumage of juvenile pattern without black, or m an inter¬ 
mediate stage with black confined to the head or to just the front 
part of the head. Indeed, m the Chatham race of C. parmlus, 
most males remain permanently m plumage of juvenile pattern, 
and only a very few acquire black on head and breast. This leads 
up to the condition in the fifth species of Camarhynchus, the 
woodpecker-finch C. pallidus, in which the male normally shows 
no black at all, but out of hundreds seen in the field one had a 
black head, thus linking this species with the rest Finally, m 
the mangrove-finch C. heliobates, black male plumage is un¬ 
recorded. 



(*) (u) (ill) 

Fig 8. Types of male plumage 

(i) Fully black male—final stage in Geospiza 

(ii) Partly black male—final stage m Camarhynchus crassirosths, C psittacula and 

C parvulus, transitional stage in Geospiza 
( 111 ) Plumage of juvenile pattern—permanent stage in Camarhynchus palhdus, 
initial stage m other species of Camarhynchus and in Geospiza 

Those individual males of Geospiza and Camaihynchus which 
breed m plumage of juvenile or intermediate pattern also show 
other characters suggesting immaturity. First, there is a general 
tendency in song-birds for the older males to start breeding ahead 
of the first-year males; m both Geospiza and Camaihynchus the 
males in black plumage tend to start nestmg before those m 
plumage of juvenile pattern Secondly, m many passerine birds 
the older males have on the average a longer wing than the first- 
year males, m Darwin’s finches the average wmg-length is 
greatest m fully black males, slightly smaller in partly black 
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males, and a little smaller still in males with no black, as shown 
m Table XX, p. 169 Thirdly, m all of Darwin’s finches the beak 
IS coloured dark horn in the breeding season and pink outside the 
breeding season; fully plumaged males tend to acquire the dark 
beak earlier in the season than do those in plumage of juvenile 
or intermediate pattern, and the latter birds may even start to 
breed with an incompletely dark beak. 

Experimental work has shown that in some birds the develop¬ 
ment of male plumage is primarily controlled by the sex hor¬ 
mones, whereas in others the control is primarily genetic. The 
factors involved in Darwm’s finches are not known, and the 
situation is so unusual that an experimental investigation might 
yield results of general interest. Thus in Geosptm all stages up 
to the fuUy black condition are primarily dependent on age (and 
therefore under hormone control?) but in Camarhynchics the 
control is presumably rather different, as m most species the 
adults remain permanently half black, and only those stages up 
to the half-black condition depend primarily on age. Moreover, 
in both genera the age at which the final stage is acquired varies 
individually Finally, there are other species of Camarhynchus 
in which the black male plumage is completely suppressed except 
as an abnormality. The concept of rate genes developed by 
Huxley (1942) might perhaps yield fruitful results, but more 
cannot be said until genetic and hormonal experiments have been 
earned out. 

The above series also afford an example of neoteny, i.e. of the 
permanent retention into adult life of essentially juvenile 
characters. As already noted, the males which breed in plumage 
of juvenile pattern also show other features suggestive of im¬ 
maturity, though the birds are fully mature sexually and raise 
normal families 

In the species of Camarhynchus, and perhaps also in Geospiza, 
the proportion of fully plumaged males is different on different 
islands The proportion among collected males is set out in 
Tables XVIII and XIX, p. 168, and even making consider¬ 
able allowance for biasing of the collected sample, it is clear 
that in Camarhynchus there are genuine island variations The 
most striking case is in the small insectivorous tree-finch C. par- 
Vidus, in which of eighty-seven males collected on Charles 70 per 



BLACK MALE PLUMAGE 


49 


cent are partly black, but of ninety-one collected on Chatham 
only 4 per cent are partly black. Other variations are apparent 
from Table XIX, and they are quite haphazard. For instance, 
on Charles the proportion of partly black males is unusually high 
in C. parvuluSi but unusually low in both C. crassirostns and 
C. paupei The figures for the species of Geospiza are suggestive 
of similar variations, but are inconclusive owing to the possible 
large sampling errors 

Although Darwin’s finches display vigorously, neither the 
black plumage of the male Geospiza, nor the partly black plumage 
of the male Camarhynchus are specially displayed, and these 
colours do not emphasize the displays m any way. Further, 
those males breeding in plumage of juvenile type have a display 
indistinguishable from that of fully plumaged males of their 
species; and in the woodpecker-finch C. pallidus, in which the 
males are normally without black, the display is similar to that 
of the other species of Camarhynchus. It seems clear that the 
black male plumage of Geospiza and Camarhynchus has no 
function in display. 

Another possibility is that it might assist the birds to dis¬ 
criminate the sex of strange individuals. But such discrimination 
plays no important part in the lives of Darwin’s finches At pair 
formation a potential mate is recognized primarily by its be¬ 
haviour, and not by its plumage. Rivals of the same sex are 
also recognized primarily by their behaviour, and not by their 
plumage The ground-finches are capable of distinguishing fully 
black males from those in plumage of juvenile or female type. 
Our field observations showed that the mated hen attacks all 
intruders m plumage of the latter type, but not those in fully 
black plumage. Also, when stuffed specimens of both types were 
placed at various nests, the wild cocks courted the stuffed female 
not infrequently, but the stuffed male only rarely (Lack, 1945) 
However, this ability to discnimnate between the two types of 
plumage seems of no importance in the lives of the birds. 

UNDER-TAIL COVERTS 

In Geospiza the fully plumaged male is wholly black except for the 
under-tail coverts, which in most species are tipped with white, but 
in the sharp-beaked ground-finch G. difficilis are tipped with rufous. 
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The last holds for all the males of the Culpepper and Wenman 
form, for about half the males of the James and Indefatigable 
form, and for one-tenth of the males of the Tower and Abingdon 
form. These racial differences run parallel with the frequency of 
rufous in the wmg-bar of the females in this species (see p. 41), 
and seem equally pointless. In black males of the Cocos-finch 
Pinaroloxias, the under-tail coverts are tipped with buff. So far 
as known, neither rufous, buff nor white under-tail coverts have 
any function in Darwin’s finches, and in particular they are not 
used in display. 

THE COCOS-FINCH 

In the Cocos-finch Pinaroloxias, as in Geospiza, the full male 
plumage is wholly black, but the regulating factors are evidently 
somewhat different, since the juvenile male acquires the black 
feathering irregularly all over the body, instead of first at the 
head and then posteriorly It is not known whether the Cocos- 
finch ever breeds in plumage of juvenile or transitional pattern. 

THE WARBLER-PINCH 

The male warbler-finch Cerihidea is not black. Instead, the 
adult male is distinguished from the female by an orange-tawny 
patch on the lower part of the throat and the upper breast (see 
Frontispiece). Both the size of this patch, and the number of 
individuals showing it, differ markedly in different island forms. 
The patch is best developed on James, rather less so on Albemarle, 
and less again on Indefatigable. On Charles it is further reduced, 
but many males still possess it On Culpepper and Wenman 
there are definite traces in all adult males, but the area of the 
patch is much smaller and its colour less bright. On Abingdon, 
Bindloe, Tower and Chatham, traces of the patch occur on some 
individuals only In the birds of Barrington and Hood there is 
scarcely any trace at all Hence in Certhidea the racial dif¬ 
ferences in the extent of the male plumage are even greater than 
in the other species of Darwin’s finches 
The variations in the rufous throat patch of the male Certhidea 
tend to run parallel with those of the rufous wing-bar, present 
in both sexes (see Table VHI, p. 41). Wing-bar and throat patch 
are best developed on Albemarle, Indefatigable and James, less 
so on Charles, Culpepper and Wenman, and poorest on Hood and 
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Barrington. However, the correlation is not complete, since the 
Chatham race has a prominent rufous wmg-bar, but the throat 
patch is poor, and there are other smaller discrepancies. On the 
whole, these rufous parts are most pronounced in the races with 
most olive in their general body-plumage, and are poorest in 
those with least olive. So far as observed, the throat patch does 
not feature in the display of the male Certhidea. 

An orange-tawny throat patch is not normally found in any 
other species of Darwin’s finches, but there are definite traces of 
it in one male specimen of each of four species, namely, Geospiza 
fuhginosa, G difficilis, Camarhynchus pauper and C parvulus. 
Such abnormal specimens provide another link between Certhidea 
and the other species. 

LOSS OF DISTINCTIVE MALE PLUMAGE 

Darwin’s finches are highly unusual in that, though most species 
possess distinctive male plumage, many individual males breed 
without it, in plumage of juvenile pattern. The distinctive male 
plumage is not important in display, or in sex recognition ; indeed, 
it appears to be without any function. All the evidence suggests 
that both the black plumage of Geospiza and Camarhynchus and 
the orange-tawny throat of Certhidea are useless characters in 
process of being lost. The loss is occurring faster in Camarhynchus 
than in Geospiza, and in some species it is occurring at a different 
rate on different islands The alternative hypothesis, that dis¬ 
tinctive male plumage is m process of being acquired by Darwin’s 
finches, can be ruled out as too improbable, since this would 
mean supposmg that many different forms are acquiring similar 
plumage independently. 

In the vermilion flycatcher Pyrocephalus rubinus, a widespread 
bird in Central America, the male is a brilliant red. But in the Gala¬ 
pagos form of this species, only some of the males have vermilion 
plumage, and many breed in dull plumage of juvenile pattern. The 
latter males display as vigorously as those in full plumage, as is the 
case in Darwin’s finches. The Galapagos martin Progne modesta is 
also reported to breed in plumage of juvenile pattern (Beebe, 1924). 

In general, there is a marked tendency for the land birds of 
oceanic islands to lose distinctive male Eluraage. In title European 
bullfinch Pyrrhula pyrrhula, the 
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the female and juvenile are grey, but the adult male of the 
Azorean bullfinch P. p. murina is grey below, like the juvenile 
(Murphy and Chapin, 1929) The Hawaiian flycatcher Chasiempsis 
not infrequently breeds in plumage of juvenile type (Perkins, 
1908), and the same is true of the finch Nesospiza on Tristan da 
Cunha (Lowe, 1923). Many similar mstances are given by Mayr 
(1981-4) for the land birds of Polynesian islands. In some of 
these, such as the cuckoo-slirike Coracina lineata and the fly¬ 
catchers Pachycephala pectoralis and Petmca multicolor, there is, 
as in Darwin’s finches, inter-island variation, some island races 
showmg loss of male plumage and others not. Another parallel 
with Geospiza is provided by the flycatchers Pomarea iphis and 
Myiagra vanikorensis, in which some males have plumage inter¬ 
mediate 111 pattern between that of the juvenile and the fully 
plumaged male. 

Examples of the same phenomenon can also be found in con¬ 
tinental birds, the best known being that of the common or red 
crossbill Loxia curvirosira, m which many males breed in greenish 
plumage like that of the juvenile, and the proportion of red males 
in the population varies with the geographical race (Griscom, 
1987) But the loss of bright male plumage is proportionately 
much commoner m the song-birds of oceanic islands than in 
mainland forms. There is no apparent reason why courtship 
should be less important on oceanic islands than on the con¬ 
tinents, and in any case birds such as Darwin’s finches and the 
Galapagos vermilion flycatcher display quite as vigorously as 
mainland birds. But there is another function, sometimes over¬ 
looked, for bright male plumage. This plumage is highly dis¬ 
tinctive for each species, and therefore it assists the female to 
recognize and pair with a male of the correct species. Inter¬ 
breeding between different species is at a selective disadvantage, 
particularly as the offspring are often sterile, and hence specific 
recognition marks have survival value. How'cver, owing to the 
difficulties of colonization, the species of land-birds on oceanic 
islands are few m number, and they are usually away from all 
related species with which a hybrid pair might possibly be formed 
As a result, the male’s specific recognition marks become largely 
unnecessary It is suggested that this is probably the main 
reason why such birds tend to lose their distinctive plumage. 
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In Darwin’s finches the position is more complex than m the 
other cases cited, since the original form has later diverged 
into a number of species, and so need has again arisen for the 
female to distinguish accurately a male of her own kind It is 
difficult to see why, in this case, specific plumage characters have 
not been evolved afresh, since all that would be needed is 
stabilization of the progressive loss of black male plumage at a 
difierent stage in each species But this has not occurred, and in 
these birds specific recognition now depends on characters other 
than plumage, as discussed below. 

SPECIFIC RECOGNITION 

In Darwin’s finches each individual normally pairs with one 
of its own species, and each defends its territory primarily 
against intruders of its own species Clearly the birds can dis¬ 
tinguish members of their own kind, and field observations on 
attacking behaviour revealed the chief recognition factor in¬ 
volved. On seeing a strange finch m its territory, the owning 
bird usually starts its attack by flying down to it, then comes 
round in front to face it. If the intruder is of its own species, 
attack follows, but if it belongs to another species, the owner’s 
aggressive behaviour usually peters out, i.e. it disappears at the 
moment when it sees the beak of the stranger This was observed 
in the large ground-finch Geospiza magnirostris when startmg to 
attack a medium ground-finch G fortis; in G fortis when starting 
to attack a small ground-finch G. fuliginosa, also against a 
woodpecker-finch Camarhynchus pallidus; in Geospiza fuliginosa 
against G. fortis; and in the large insectivorous tree-finch 
Camarhynchus psittacula against the small species C. parvulus. 
It was observed so often that it became clear that in Darwin’s 
finches the beak is the chief character used in specific recognition. 

This conclusion was checked by field experiments. Specimens 
of the small and medium ground-finches Geospiza fuliginosa and 
G fortis were stuffed so that they differed little m body size, and 
since their plumage is identical, the difference between them was 
reduced effectively to a difference m beak. These specimens were 
set up at nests of the small ground-finch G fuliginosa m the wild. 

When the stuffed female specimen of their own species was 
placed near the nest, three wild male G. fuliginosa courted it. 
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When the stuffed female G. fortis was substituted, one male 
ceased to react and the other two reacted only feebly When the 
stuffed G. fuliginosa was returned, all three males courted it 
vigorously. Clearly, they distinguished the specimen of their 
own species. That in two cases discrimination was not perfect 
may be attributable to the artificial conditions of the experiment. 

Similarly, when the stuffed female of their own species was 
placed near the nest, two mated female G. fuhginosa attacked it 
vigorously. When the stuffed female G fortis was substituted, 
one bird ceased to attack and the other attacked only feebly 
When the stuffed female G fuliginosa was returned, both birds 
again attacked it vigorously. Clearly they distinguished the speci¬ 
men of their own species. Partial confirmation was received from 
a third wild female G. fuhginosa, which vigorously attacked a 
stuffed female of its own species, then when presented with a 
stuffed female G. forks showed no aggressive behaviour; but there¬ 
after it lost all interest m stuffed specimens, as sometimes happens 

These and other experiments with stuffed specimens, and the 
difficulties in interpreting such work, are discussed in detail 
elsewhere (Lack, 1045). The above six cases all indicate that 
the small ground-finch G. fuhginosa can correctly distinguish 
members of its own species from those of the larger G foitis by 
means of beak differences, and no observations or experiments 
suggested the contrary. 

On consideration, it is not surprising that Darwm’s finches 
should recognize their own kind primarily by beak characters. 
The beak is the only prominent specific distinction, and it 
features conspicuously both in attacking behaviour, when the 
birds face each other and grip beaks, and also in courtship, when 
food IS passed from the beak of the male to the beak of the female. 
Hence though the beak differences are primarily correlated with 
differences in food, secondarily they serve as specific recognition 
marks, and the birds have evolved beliavioiir patterns to this end. 

In Darwin’s finches the beak serves the same function as the 
wing-bars, head markings or tail patterns which so often dis¬ 
tinguish closely related species in other birds It is the frequency 
with which visual recognition marks have been evolved in birds 
that makes their systematics so easy, for the museum worker 
often distinguishes closely related species by the features 
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specially evolved for this purpose in the birds themselves 
Correct identification is much more difficult in groups such as 
the leaf warblers Phylloscopiis (Tieehurst, 1938) and the grass 
warblers Cishcola (Lynes, 1930), m which the females appear to 
recognize males of their own species primarily by vocal characters. 
In Darwin’s finches the species are not readily distinguishable 
either by plumage or by voiee, and the beak (which, after all, has 
another and more important function) is somewhat imperfect as 
a recognition mark, since m some species it is subject to marked 
individual variation. Possibly Darwin’s finches have diverged 
from each other so recently that recognition marks are as yet 
incompletely evolved; nevertheless, interbreeding between species 
seems to be extremely rare 


Chapter VI: BEAK DIFFERENCES AND FOOD 

The most curious fact is the perfect gradation in the size of the beaks in the different 
species of Geospiza, from one as large as that of a hawfinch to that of a chaffinch, 
and (if Mr Gould is right in including his sub-group, Certhidea, in the mam group), 
even to that of a warbler The beak of Caotornis is somewhat like that of a 
starling, and that of the fourth sub-group, Camarhynohus, is slightly parrot¬ 
shaped. Charles Daawin The Voyage of the 'Beagle', C\i xvn. 

SUBGENERA 

The chief way in which the various species of Darwin’s finches 
differ from each other is m their beaks. Indeed, the beak differ¬ 
ences are so pronounced that systematists have at various times 
used as many as seven different generic names for the birds. In 
this book the genera are reduced to four, but it is convenient to 
retain the other generic names as subgenera, since they emphasize 
the adaptive radiation of the finches, as set out in Table X. 
Table X refers only to the species on the central Galapagos 
islands, the forms on outlying islands being considered later. 

The observations of Gifford (1919) and ourselves show that the 
marked beak differences between the subgenera of Darwin’s 
finches are correlated with marked differences in feeding habits. 

(i) Subgenus Geospiza The heavy finch-like beaks of the large, 
medium and small ground-finches Geospiza magnirostris, G.fortis 
and G.fuhginosa suggest a diet of seeds, and this is the chief food 
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of these birds, particularly outside the breeding season. In 
addition, they eat various fruits, also flowers, buds, young leaves 
and large caterpillars at the seasons when these are particularly 
abundant. Small insects and spiders are taken occasionally. 

Few observations are available on the food of the fourth species, 
the sharp-beaked ground-finch G. difficilis. The race G. d. de- 
hiUrostris of the central Galapagos islands feeds on the ground in 
the humid forest, scratching about in the leaves (Gifford, 1919), 
thus occupying the niche filled in English woods by the black¬ 
bird TurdiLs merida The beak of Geospiza d debilirostris fits this 
habit, since it is rather more elongated than that of typical 
ground-finches such as G. fortis and G. fuliginosa. 


Xable X Adaptive Radiation on Centuai. Galapagos Islands 


Subgenus Species 

1 Geospiza maqnirostns 

JOTiU 

fuliginosa 

difficths 

2 Cactomis scandens 

3 Platyspiza crasstTOsins 

i Camarhynchus psUlaaila 
pauper 
parvulus 

6 Cactospiza pallidus 

hehobales 

6. Certhidea olivacea 


Beak 

Chief food 

Comments 

Heavy, flneh- 
Iike 

Seeds 

Four ground-finches, 
three m coastal 
zone diflemg m 
size, one in humid 
zone 

Long, decurved 

Opunha 

Cactus feeding 

Thick, short and 
somewhat de- 
curved 

Buds, 

leaves, 

fmit 

Primarily vegetanan 

Like the last 

Insects 

Two species (three 
on Charles), differ¬ 
ing in size 

Stout, straight 

Insects, 
especially 
from wood 

Two species, differ¬ 
ing in habitat 

Slender 

Small insects 

Warbler-flnoh 


Notes (i) Cactomis is part of the genus Geospiza, and Platyspiza and Cactospiza 
are part of the genus Camarhynchus 

(ii) The seventh subgroup is Pinarolonas of Cocos, with a slender beak and 
insectivorous habits There is only one species 


(ii) Subgenus Cactomis The long, somewhat decurved beak 
and the split tongue of the cactus ground-finch Geospiza scandens 
suggest a flower-probing and nectar-feeding habit, and the 
flowers of the prickly peat Opuniia are a staple food of this species. 
It also feeds regularly on the soft pulp of the prickly pear, and 
on all the types of food, including seeds, listed above as taken by 
the other ground-finches. Hence, though partly specialized in 
feeding habits, it has not completely departed from the usual 
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ground-finch diet, and, probably correlated with this, its beak is 
thicker than that of typical fiower-eatmg birds. Gifford (1919) 
recorded that on Charles Geosptza scandens has taken to feeding 
on the fruits of the introduced oranges and tropical plums, an 
interesting modification of its natural feeding habits. 



(s) (xi) (xii) 

Fig 9 Beak differences in Darwin’s finches on central islands 
if natural size (after Swarth) 

(i) Geospiza magmrostn'i (ii) Geospiza forlis (in) Geospiza fuhgmosa 
(iv) Geospiza dtfflcihs debilirostns (v) Geospiza scandens (vi) Camarhynchus ctossitosItis 
(vii) Camarhynchus pmitacida (viii) Camarhynchus paroulus (ix) Camarkynchus palltdus 
(\) Camarkynchus helwiates (xi) Cerfkidea olivacea (xii) Pmaroloxias mornaia 

1 

(ill) Subgenus Platyspiza The vegetarian tree-finch Camarhyn- 
chus c) assirostris has a short and thick, somewhat decurved and 
slightly parrot-like beak, rather similar in appearance to that of 
other birds which, like it, feed primarily on leaves, buds, blossoms 
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and fruitvS. This species rarely takes insects, and was not seen to 
eat grain, but it takes some types of seeds. It feeds mainly in the 
trees, but conies to the ground to take young leaves of herbaceous 
plants and fallen fruit. Its actions are leisurely, like those of 
many other bud- and fruit-eating birds. 

(iv) Subgenus Camarhynchus The insectivorous tree-finches 
Carnarhynckus psittacula, C paupei and C. parvulus have beaks 
very similar in shape to that of the vegetarian tree-finch C. crasst- 
rostris. This resemblance is presumably due to close relationship 
rather than to adaptive modification, since the food of the three 
former species is quite different from that of C crassirostris, 
consisting mainly of beetles and similar insects, for which the 
birds examine the twigs, bark and leaf clusters, and also excavate 
shallow holes in soft wood They feed chiefly m the trees and are 
agile m their movements, rather like tits, sometimes turning 
almost upside down in their search for food. They feed on the 
ground at times While moderately small insects form their mam 
food, they also eat nectar, buds, young leaves and large cater¬ 
pillars at the seasons when these are abundant, and occasionally 
take grain. 

(v) Subgenus Cactosptza. The woodpecker-finch Camarhynchus 
palhdus has a stout, straight beak, with obvious affinities to that 
of the insectivorous trce-finches, but more elongated, and modi¬ 
fied in the direction of that of a woodpecker or nuthatch. It 
feeds on beetles and similar insects, for which it searches bark 
and leaf clusters, and less commonly the ground, and also bores 
into wood It is much more exclusively insectivorous than the 
insectivorous tree-finches, and with this can be correlated the 
greater specialization of its beak 

C. palhdus further resembles a woodpecker in that it climbs up 
and down vertical trunks and branches. It is the only one of 
Darwin’s finches to do this. It also possesses a remarkable, indeed 
a unique, habit. When a woodpecker lias excavated in a branch 
for an insect, it inserts its long tongue into the crack to get the 
insect out C pallidus lacks the long tongue, but achieves the 
same result in a different way Having excavated, it picks up 
a cactus spine or twig, one or two inches long, and holding it 
lengthwise in its beak, pokes it up the crack, dropping the twig 
to seize the insect as it emerges In the and zone the bird uses 
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one of the rigid spines of the prickly pear Opuntia, but in the 
humid zone, where there is no Opunha, it breaks off a small twig 
of suitable length from a tree or bush. It has been seen to reject 
a twig if it proved too short or too pliable. Sometimes the bird 
carries a spine or twig about with it, poking it into cracks and 
crannies as it searches one tree after another. This remarkable 
habit, first reported by Gifford (1919) and fully confirmed first by 



Pig 10 Camarhynchus ptdhdus and its stick 
(Drawn by Roland Green from photographs by R. Leacock ) 


W. H. Thompson and later by the writer, is one of the few re¬ 
corded uses of tools in birds. The nearest parallel is the use of 
fruits by the bower-bird Pulonorhynchus violaceus for staining 
the stems in its bower (Gilbert, 1939) 

The mangrove-finch Camarhynohus heliobates has a beak 
similar to that of C. pallidus and, like the latter, feeds almost 
exclusively on msects (Snodgrass, 1902 a). Its feeding methods 
have not been recorded. 
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(vi) Genus Certhidea. The beak, general habits and appearance 
of the warbler-finch Cothidea are so like those of a warbler tliat 
it was for a long time considered to be one Like a warbler, it 
searches the leaves, twigs and ground vegetation for small in¬ 
sects, and sometimes catches insects in the air Nectar from 
flowers and young green leaves are also taken in season, but small 
soft insects form the great majority of its diet. The Hood form 
of this species also feeds commonly on small marine organisms 
collected at low tide below high-water mark, but this habit has 
rarely been observed on other islands, so provides an example of 
a racial difference m feeding habits. 

(vii) Genus Pinmoloxias The Cocos-finch Pinaroloxias is said 
to feed predominantly on insects and has a slender beak similar 
to that of Certhidea, except that it is a little longer and somewhat 
decurved. Pinaroloxias feeds both on the ground and in the 
trees, and has an unusually long, grooved and bifid tongue 
(Snodgrass, 1908; Gifford, 1919) 

To summarize, the beak differences between most of the 
genera and subgenera of Darwin’s finches are clearly correlated 
with differences in feeding methods. This is well borne out by 
the heavy, finch-like beak of the seed-eating Geospiza, the long 
beak of the flower-probing Cactorms, the somewhat parrot-like 
beak of the leaf-, bud- and fruit-eating Platyspiza, the wood- 
pecker-like beak of the woodboring Cactospiza, and the warbler- 
like beaks of the insect-eating Certhidea and Pinaroloxias. Only 
in one group, namely, the insectivorous tree-finches of the sub- 
genus Camarhynchus {sens, strict.), is the beak not particularly 
suggestive of the feeding habits; these birds, though feeding 
primarily on insects, may be regarded as moderately unspecial- 
ized in both diet and beak. 


CLOSELY RELATED SPECIES 

While the beak differences between most of the subgenera of 
Darwin’s finches are clearly adapted to differences in feeding 
methods, the same does not seem to hold for the beak differences 
between closely related species Here the differences are chiefly 
in the size rather than the shape of the beak, and the species 
concerned have almost identical feeding methods. For instance. 
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the large ground-finch Geospiza magmrostris has a huge beak, the 
medium G. fortis a fairly large one, and the small G fuliginosa a 
smaller one. But all three species feed in similar places and have 
similar feeding methods, while their foods, listed in the preceding 
section, are of the same general nature Similarly, the large 
insectivorous tree-finch Camarhynchus psittacula has a much 
larger beak than the small C parvulus, but it occupies the same 
habitat and has almost identical feeding methods The parallel 
with Geospiza is completed on Charles, where there occurs a third 
species, Camarhynchus pauper, intermediate m size and size of 
beak between the other two. 

The significance of these marked beak differences between 
species otherwise similar has excited speculation from all who 
have discussed Darwin’s finches. Our field observations confirm 
the similarity m feeding methods of the three species of Geospiza 
and that they often feed on the same thmgs. However, we ob¬ 
served that the large, hard fruits of the manzanilla Hippomane 
rnancinella are taken freely by the large Geospiza magmrostris 
and the medium G fortis, but rarely if at all by the small G fuligi¬ 
nosa; on the other hand, certam small seeds, notably of grasses, 
form a staple food of the small G. fuliginosa, but are taken less 
commonly by the medium G fortis, and rarely if at all by the 
large G. magmrostris. Similarly, Snodgrass (1902 a) showed from 
an analysis of stomach contents that the foods of the various 
species of Geospiza are often identical. However, the large 
G, magmrostris eats certain large seeds not taken by the small 
G. fuliginosa, while a series of the medium G. fortis and the small 
G fuliginosa collected at the same time and place on North 
Albemarle were eating partly the same but partly different foods. 
Snodgrass was chiefly impressed by the similarity in the foods of 
the different species, but care is needed in interpreting his data, 
as too few stomach contents were collected to be truly repre¬ 
sentative of birds with such varied diets. In one case his results 
are definitely misleading, since they suggest that the small 
ground-finch G fuliginosa and the cactus ground-finch G scandens 
eat largely the same types of food. This happens to be true in the 
period immediately following the breeding season, when Snod¬ 
grass collected his specimens, for then G. scandens, like G. fuligi¬ 
nosa, eats many small seeds. But in the breeding season the diets 
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of these two species are mainly different, G. scandens depending 
largely on prickly pear, as already noted. 

Snodgrass concluded that the beak differences between the 
species of Geospiza are not of adaptive significance m regard to 
food, The larger species tend to eat rather larger seeds, but this 
he considered to be an incidental result of the difference in the 
size of their beaks. This conclusion was accepted by Gifford 
(1919), Guhck (1932), Swarth (1984) and formerly by myself 
(Lack, 1945). Moreover, the discovery mentioned m the last 
chapter, that the beak differences serve as recognition marks, 
provided a quite different reason for their existence, and thus 
strengthened the view that any associated differences in diet are 
purely incidental and of no particular importance 

My views have now completely changed, through appreciating 
the force of Cause’s contention that two species with similar 
ecology cannot live m the same region (Cause, 1934) This is a 
simple consequence of natural selection If two species of birds 
occur together in the same habitat in the same region, eat the 
same types of food and have the same other ecological require¬ 
ments, then they should compete with each other, and since the 
chance of their being equally well adapted is negligible, one of 
them should eliminate the other completely Nevertheless, three 
species of ground-finch live together m the same habitat on the 
same Galapagos islands, and this also applies to two species of 
insectivorous tree-finch There must be some factor which 
prevents these species from effectively competing. 

The above considerations led me to make a general survey of 
the ecology of passerine birds (Lack, 1944 a) This has shown 
that, while most closely related species occupy separate habitats 
or regions, those that occur together in the same habitat tend to 
differ from each other in feeding habits and frequently also in 
size, including size of beak. In a number of the latter cases it is 
known that the beak difference is associated with a difference in 
diet, and this correlation seems likely to be general, since it is 
difficult to see how otherwise such species could avoid competing 
It seems particularly significant that when two closely related 
species differ from each other in size and size of beak they often 
live m the same habitat, while such marked size differences are 
unusual in closely related species which occupy different habitats. 
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The general survey indicates that when two closely related 
species live in the same habitat, they do not usually take com¬ 
pletely different foods It is apparently sufficient if some of their 
foods are different, but the extent to which their diets can overlap 
is not known In the case of the three species of Geosptza, there 
are similarities, but also established differences, in their diets, 
and though further evidence is much needed, it is provisionally 
concluded here that, so far from being unimportant and purely 
incidental, these food differences are essential to the survival of 
the three species m the same habitat. Further food analyses 
might most profitably be made m the latter part of the dry 
season, as this is the period when food is likely to be least varied 
and least abundant, and therefore most likely to limit the 
population density of the birds. 

The food of the insectivorous tree-finches has not been 
analysed, but I suggest that, in this ease also, the larger species 
probably tends to eat larger insects and the smaller species 
smaller insects, and that as a result the two species to some 
extent share out, instead of competing for, the available food 
supply. This view receives confirmation from evidence of a 
different nature. On Chatham, the large Camarhynchus psitta- 
cula does not occur, so it might be expected that a greater range 
of foods would thereby become available for the small species 
C, parvulus It is therefore significant that the Chatham form 
of C. parvulus has a larger beak than any other island form of 
this species, indeed the beak overlaps m measurements with that 
of C. psittacula on other islands. This is just what would be 
expected if the beak difference between the two species is an 
adaptation for taking foods of different size, since on islands 
where C. psittacula is absent, but not elsewhere, unusually large 
individuals of C parvulus will have survival value. 

There is a parallel m the ground-finches, since the large Geo- 
spiza magmrostris is absent from Chatham and Charles, and on 
both these islands the medium G. fortis reaches a much greater 
maximum size than it does on the northern Galapagos islands, 
where G magmrostris is common. Indeed, some of the G. fortis 
from Chatham and Charles are as large as small specimens of 
G magmrostris from the northern islands This point is discussed 
further m Chapter viii 
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To sum up, though the three species of Geospiza have similar 
feeding methods, I consider that the marked difference in the 
size of their beaks is an adaptation for taking foods of different 
size and that, superficial appearances to the contrary, these 
three species are food specialists to an extent sufficient to enable 
them to live in the same habitat without effectively competing. 
A similar view is advocated for the difference in size of beak 
between Camarhynchus psittacula and C parvulus. However, 
more detailed analysis of the foods taken by these species is 
extremely desirable, particularly in the case of Camarhynchus. 

SIZE DIFFERENCES IN OTHER BIRDS 

Instances of closely related species which differ markedly in size 
and size of beak are fairly common among the land birds of other 
oceanic islands. For example, on Lord Howe Island, off Aus¬ 
tralia, occur two species of the white-eye Zosterops which differ 
markedly in size and size of beak, while on adjacent Norfolk 
Island there are three species, a large, a medium and a small 
(Mathews, 1928, Streseman, 1931), thus recalling the three species 
of Geospiza in the Galapagos. Again, on Nightingale Island in the 
Tristan da Cunha group, there are two species of the finch Neso- 
spiza, differing primarily in size and size of beak (Lowe, 1923) 
The latter birds, together with the two species of Zosterops on 
Lord Howe, are shown m Fig 24, p. 139. Two parallel examples 
are found on Kauai in the Hawaiian archipelago, where there are 
a large and a small species of the tlirush Phaeornis and also of the 
sicklebill Chlorodrepanis (Perkins, 1903). Other instances are 
given elsewhere (Lack, 1944a). 

Cases are also not uncommon in continental birds. In Europe, 
the great and small reed warblers Acrocephalus arundinaceus and 
A scirpaceus breed side by side in reed beds, while the great, 
middle and little spotted woodpeckers, Dryohates major, B. 
medius and D minor, provide another example of three species 
which live together in much the same habitat and differ primarily 
in size. In South America two species of the rice grosbeak 
Oryzoborus differ m size of beak as much as the large and medium 
ground-finches of the Galapagos. Again, a large and small species 
of babbler, Garrulax pectoralis and G. moniliger, occur together 
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through Burma and Indo-China (Mayr, 1942). There are equally 
good examples in groups other than the song-birds, for instance 
in birds of prey, grebes, gulls, terns and many others, 

Huxley (1942), who gives further examples, is apparently the 
only previous worker to suggest that these differences in size 
are primarily correlated with differences in food He instances 
the case of the two British falcons, the small merlin Falco colum- 
barius and the larger peregrine F. peregiinus, the former hunting 
small birds and the latter feeding mainly on large birds He 
might perhaps have added a third species, the kestrel F tinnun- 
culus, which IS intermediate in size and takes different prey from 
either of the other two, chiefly small rodents, but in this case 
there is also a difference in hunting methods Again, three species 
of terns breed in the same localities on the east coast of England, 
the little tern Sterna albifions, the medium-sized common tern 
S hirundo, and the large sandwich tern S. sandvicensis. Huxley 
quotes from Cause (1934) some observations at a colony of these 
birds on the Black Sea which show that, though the three species 
all feed at sea and have similar feeding methods, they feed at 
different distances from the shore, presumably therefore on 
different kinds or sizes of food, and so do not compete In the 
Black Sea ternery there also occurs a fourth species, the gull- 
billed tern Gelochehdon nilotica, which feeds inland on land 
insects. 

Similarly, on Kauai in Hawaii, Perkins (1903) found a differ¬ 
ence m feeding habits between the small and the large species of 
the thrush Phaeorms and between the small and the large species 
of the sicklebill Chlorodrepams Likewise, Hagen (1940) reports 
that the larger species of Nesosp^za on Nightingale Island eats 
nuts in trees, whereas the smaller species feeds in the tussock 
grass. Again, the English countryside supports two species of 
pigeon, the larger ring dove Columba palumbus and the smaller 
stock dove C. oenas, and M. K. Colquhoun informs me that the 
investigation by the British Trust for Ornithology has shown that 
these two species eat mainly different foods. A particularly clear 
example is provided by the crossbills of northern Europe, since 
the small-beaked two-barred crossbill Loxia leucoptera feeds 
chiefly on the soft cones of the larch, the medium-sized common 
crossbill L curmrestra on spruce cones, and the heavy-beaked 
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parrot crossbill L. pytyopsiitacm on the hard cones of the pine. 
When the common crossbill does take pine cones, it deals with 
them less efficiently than does the parrot crossbill (Niethammer, 
1937; Lack, 1944 a, h) 

If more were known about the food of birds, the above ex¬ 
amples could probably be multiplied, but they are sufficient to 
illustrate the view advanced in the preceding section that, in 
general, when closely related species differ markedly in size of 
beak, they also tend to differ m diet The significance of the fact 
that such cases occur chiefly in species which live in the same 
habitat has already been remarked. 


QEOSPIZA ON THE REMOTE ISLANDS 

On the small, remote and low-lying islands of Culpepper, 
Wenman and Tower in the north and Hood in the south-east, 
the ecological picture is rather different from that on the central 
Galapagos islands. Whereas in the and zone of the central islands 
there are normally four species of Geospiza, on these remote islands 
both the medium ground-finch G. fortts and the cactus ground- 
finch G, scandens are invariably absent, while the large ground- 
finch G. magmrostris and the small G. fuliginosa are sometimes 
missing. In the absence of one of these species, the vacant 
ecological niche may be filled by a different species, while when 
two of these species are absent, one form sometimes occupies 
two mches. The beak modifications of the birds concerned provide 
an interesting parallel with those of the ground-finches on the 
central islands, and lend further support to the view that such 
modifications are adapted to the nature of the food The ecological 
picture IS summarized in Table XI. 


Table XI Ecological Niches on Outlying Islands 


Niche Tower 

Large ground- G magmrostris 
finch 

Cactus-feeder G comrostns 

Small ground- G difflalis 
finch 

Warbler-finch Certhidea 


Hood Wenman 

1 G magmrostris 

G comrostns 

•1 t 

G difficihs 
G fuliginosa j 

Certhidea Certhidea 


Culpepper 
G comrostns 

t 

G diffimlis 
1 

Certhidea 


On Tower, as on the central Galapagos islands, the large- 
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ground-finch mche is filled by G. magnirostns. But the usual 
small ground-finch G. fuhgtnosa is missing from Tower, and 
this niche is here occupied by the sharp-beaked ground-finch 
G. dtfficilis, a species which on the central islands feeds on the 
floor of the humid forest In beak and size, the Tower form of 
G difficihs is extremely similar to G fuMginosa, a resemblance 
attributable to parallel evolution. The usual cactus ground-finch 
G. scandens is also absent from Tower, its place is taken by the 
species G conirosiris, the Tower form of which has a deeper beak 
but IS otherwise very similar to typical G. scandens, so that it 
should perhaps be regarded simply as a highly modified race of 
G. scandens. The deeper beak of the Tower G. conirosiris suggests 
that, m addition to feeding on cactus, this form perhaps eats 
some of the foods normally taken by the medium ground-finch 
G. fortis, which is absent from Tower. 

Coming now to Hood, the small-groimd-finch niche is filled 
as on the central islands by G fuhginosa. But neither the large 
ground-finch G magnirostrxs, nor the medium G fortis, nor the 
cactus ground-finch G scandens occur on Hood, and these niches 
are all filled by one form, namely, the Hood race of G conirosiris 
The latter feeds both on the ground on seeds and also on prickly 
pear Opuniia, and its beak is intermediate in appearance between 
that of the ground-feeding G. magnirosiris and G. forits on the 
one hand, and that of cactus-feeding forms like G. scandens and 
Tower G. conirosiris on the other. This Hood form is basically 
closest to G conirosiris, to which species it clearly belongs, and 
its superficial resemblance in beak to G magnirostns is attribut¬ 
able to paiallel evolution due to similar feedmg habits. 

On Wenman, the situation is again different The large- 
ground-finch niche is filled in the usual way by G. magnirosiris, 
but neither the small ground-finch G. fuliginosa nor the cactus 
ground-finch G. scandens occurs, and these two niches are occu¬ 
pied by the Wenman form of the sharp-beaked ground-finch 
G difflcihs The latter feeds regularly both on the ground and 
on Opuniia (Rothschild and Hartert, 1899, Gifford, 1919), and 
its beak is larger and longer than that of the other races of 
G. difficilis, which are not cactus-feeders. Indeed, its beak is 
sufficiently like that of the true cactus ground-finch G scandens 
for some systematists to have regarded the Wenman bird as a 
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race of G. scandens. However, plumage and other characters 
prove that it is really a form of G. difficihs. 

On Culpepper, which is close to Wenman, the same form of 
G. difficihs again combines the roles of small ground-finch and 
cactus-feeder, and has the same type of beak. The large ground- 
finch G. magnirostns is absent from Culpepper, and this niche is 



Fig. 11 Beak adaptations in Geospiza difftcilis. 

J natural size {after Swarth). 

(i) G fuliginosa (ii) G, dtfftedis difficihs (iii) 6 difficihs septentnonalis 
(iv) 0 scandens (James form) 


Table XII. Beak Adaptations in Geospiza pifpioilis 

Average measurement 
in mm 


Species 

Island 

Niche 

Whole 
- culmen 

Depth 
of beak 

G fuliginosa 

Hood 

Typical small ground- 
finch 

11 9 

8 8 

G difficihs 
difficihs 

Tower 

Small ground-finch 

124 

79 

G. difficihs 
septcntrionalis 

Culpepper 

Small ground-finch and 
cactus-feeder 

15 6 

9 0 

G scandens 

James 

Typical cactus-feeder 

17 0 

8 8 


Note The measurements for the whole culmen are taken from Swarth (1931), 
those for the depth of beak are my own For numbers measured see Supnlementarv 
Table C, p 184 


here filled by the form G. comroshts datwim. The beak of the 
latter shows a strong basic resemblance to that of the other races 
of G. conirostris, but it is deeper and stronger, superficially like 
that of G. magnirostris The latter resemblance is probably due 
to parallel evolution, as it is the type of beak which would be 
expected m a form of G conirostris which had become specialized 
primarily for ground feeding. (Another possibility, that darwini 
IS of hybrid: origin between G. comioshis and G. magniroshis, 
cannot be altogether ruled out, but it seems very improbable; 
see p. 97.) 
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To summarize, on one outlymg island the species G. dtfficilis 
occupies the small-ground-finch niche, while on another it com¬ 
bines this with cactus-feeding. Similarly, on one island the 



(Ul) (iv) 

Fig 12. Beak adaptations m Geoipiza comrostns 
I natural size (after Swarth) 

(i) G scandens (Bindloe) (ii) G eomroilns propinqua (Tower) 
(ill) G comrostns comrostns (Hood) (iv) G magnirostns (Tower) 


Table XIII Beak Adaptations in Geosfiza oonibostbis 

Average measurement 
m mm 





Whole 

Depth 

Species 

Island 

Niche 

culmen 

of beak 

G scandens 

Bmdloe 

Typical cactus-feeder 

19 3 

10 6 

G coniTostns 

Tower 

Cactus-feeder 

10 5 

13 0 

propinqua 

G comrostns 
comrostns 

Hood 

Large ground-finch and 
cactus-feeder 

21 3 

16 0 

G comrostns 

Culpepper 

Large ground-finch 

21 5 

16 5 

danvini 

G magmrostns 

Tower 

Typical large ground- 
finch 

23 9 

21 2 


Note, The measurements for the whole culmen are taken from Swarth (1931), 
those for the depth of beak are my own For numbers measured see Supplementary 
Table C, p 184 

species G comrostris combines the rfiles of large ground-finch and 
cactus-feeder, on another it is predominantly cactus-feeding and on 
another it is primarily a large ground-finch. In each case, the beak 
of the form concerned is correspondingly modified These modi¬ 
fications are shown m Figs, 11 and 12 and Tables XII and XIII. 
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Fifteen specimens of the medium ground-finch G. fortis have 
been collected on Hood and one on Wenman, and the cactus 
ground-finch G. scandens has been observed at sea 20 miles from 
land (see p 21) Such occurrences suggest that the normal 
absence of these two species from the outlying Galapagos islands 
IS due not to their inability to reach them, but to the fact that, 
when they reach them, they fail to establish themselves there. 
Such failure might be because, on a small island, comparatively 
specialized feeders like G. scandens and G fortis survive less well 
than species which fill wider ecological niches, like G. conirostris 
and the Wenman form of G. diffictlis. 

CAMARHYNCHVS ON OUTLYING ISLANDS 

In discussing the ecological niches of the large and small in¬ 
sectivorous tree-finches Carnarhynchus psiitacula and C parvulus, 
a third species, the woodpecker-finch C. pallidus, should also be 
considered, since all three species feed in a similar way on similar 
types of food. C. pallidus is about the same size as C psiitacula, 
but whereas the beak of the latter is short, thick and decurved, 
that of C pallidus is longer and straight, more specialized for 
excavating in wood C pallidus is further specialized for climb¬ 
ing vertical trunks, and is also able to probe insects out of 
crevices, which C. psiitacula cannot do Presumably the foods of 
C. psiitacula and C. pallidus, though m part similar, are suffici¬ 
ently different to enable the two species to live together m the 
same habitat without effectively competing. 

On James and Indefatigable all three species occur together 
But on Chatham the large insectivorous tree-finch C psiitacula 
IS absent, and here, as already mentioned, the small species 
C parvulus attains an unusually large size. But this is not all, 
for the Chatham form of the woodpecker-finch C pallidus has a 
shorter beak than usual This suggests that, in the absence of 
C psiitacula, there has been survival value to C. pallidus m 
becoming less specialized in beak, and that the Chatham form 
of C. pallidus takes some of the foods which on other islands are 
taken by C psiitacula 

The opposite situation perhaps occurs on Abingdon and 
Bindloe, where the woodpecker-finch C. pallidus is absent, and 
the large insectivorous tree-finch C. psiitacula has a longer and 
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straighter beak than usual, suggesting that it may take some of 
the foods normally taken by C. palhdus. But the resemblance in 
beak to C. pallidus is not close, so is perhaps fortuitous. On 
Bindloe the small insectivorous tree-finch C parvulus is also 
absent, but as the Bindloe form of C. psittacula is no smaller 
than usual, the C. parvulus niche is presumably unoccupied on 
this island 



Fig la Beak adaptations in CamarhynchuH 
§ natural size (after Swarth) 

(i) C psittacula psittacula (James) (ii) C. psittacula habeh (Bindloe) 

(ill) C palhdus stnatipectus (Chatham) (iv) C palhdus palhdus (James) 

Tabi-l XIV Beak Adaptations in Camabbtncsus 

Average measurement 





in mm 

^ _A_ 

Whole Depth 

Species 

Island 

Comment 

culmen 

of beak 

'C parvulus 
parvulus 

James 

C psittacula also 
present 

9 1 

74 

C parvulus 
salvim 

Chatham 

C psittacula absent, 
beak larger 

10 9 

79 

C pnttacula 
psittacula 

James 

C palhdus also present 

14 1 

112 

C psittacula 
. habeh 

Bindloe 

C palhdus absent, 
beak longer 

15 1 

10 5 

1 C pallidus 

1 stnatipectus 

Chatham 

C psittacula absent, 
beak shorter 

13 9 

8 9 

1 C palhdus 

1 palhdus 

James 

C psittacula also 
present 

16 7 

93 


Note The measurements for the whole culmen are taken from Swarth (1931), 
those for the depth of beak are my own For numbers measured see Supplementary 
Table C, p 184 

CONCLUSION 

On the central Galapagos islands there are six subgenera of 
Darwin’s finches, and five of the six show marked beak dif¬ 
ferences from each other, which are correlated with marked 
differences in feeding methods Two of these subgenera, namely 
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Geospiza and Camarhynchiis, are further divided into species 
wliich differ primarily in size of beak, and these I consider to be 
adapted for taking partly different foods, though of the same 
general nature. Some of the finches are absent from outlying 
Galapagos islands, their food niches may then be filled by differ¬ 
ent species, or one form may take foods which on the central 
islands are divided between two species; in both cases there are 
correspondmg beak modifications. To conclude, in Darwin’s 
finches all the mam beak differences between the species may 
be regarded as adaptations to differences in diet. 


Chapter VII- SIZE DIFFERENCES BETWEEN 
ISLAND FORMS 


I have not as yet noticed by far the most remarkable feature in the natural 
history of this archipelago, it n, that the different islands to a considerable eictent 
are inhabited by a different set of beings . I never dreamed that islands about 
fifty or sixty miles apart, and most of them in sight of each other, formed of pre¬ 
cisely the same rock.s, placed under a quite similar climate, rising to a nearly equal 
height, would have been differently tenanted It is the circumstance, that 
several of the islands possess their own species of the tortoise, mocking-thrush, 
finches, and numerous plants, these species having the same general habits, 
occupying analogous situations, and obviously filling the same place in the natural 
economy of the archipelago, that strikes me with wonder It may be suspected 
that some of these representative species, at least m the case of the tortoise and 
of some of the birds, may hereafter prove to be only well-marked races; but this 
would be of equally great interest to the philosophical naturalist 

Charles Dakvin. The Voyage of the ‘Beagk’, Ch xvii 


MEASUREMENTS 

Several cases of striking beak differences between island forms 
of the same species were given m the later sections of the 
previous chapter. Many other island forms show less pronounced 
beak differences, and some of them also differ in size of body. 
These differences are for the most part average ones, and are best 
demonstrated by actual measurements. For this purpose two 
beak measurements have been taken, one of the culmen (upper 
edge) from the nostril to the tip of the beak, and the other of the 
depth of the beak at its base In addition, the wing was measured 
from the carpal joint (the mam angle) to the tip of the longest 
primary. In Darwin’s finches this latter measurement provides 
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a more reliable indication of general body size than does the total 
length of the body measured from beak to tail 

In all of Darwin’s finches the wing of the male is on the average 
slightly longer than that of the female, and in all except the 
warbler-finch Certhidea the male has a slightly longer beak than 
the female. In Certhidea the female has a slightly longer beak 
than the male. These points are shown m Tables XX and XXI 
(pp 169, 170) Similar small differences m the average size of 
the two sexes are found m many other birds, also in many 
mammals, including mankind. It is not known what advantage 
accrues to the male in being larger, the female in being smaller, 
but this relation is so widespread in birds that it presumably has 
some value. Incidentally in many birds of prey the usual 
relation is reversed, and the female is the larger sex. y.,. 

As mentioned in Chapter v (see also Table XX), the average 
wing-length of Geospiza and Camarhynchus is greatest in fully 
black males, slightly smaller m partly black males, and smaller 
still in males showing no black. Table XXI shows that these 
different types of males show parallel but very small differences 
in the average size of the beak It seems a general rule in song¬ 
birds that the adult male should have a slightly longer wing than 
the first-year male, while in the shrike Lanius ludovicianus there 
IS a similar small age-difference m the average size of the beak 
(Miller, 1031). 

Because of the above differences, it is necessary to consider 
the two sexes separately when comparing the different forms of 
Darwin’s finches. In this book, only the measurements of the 
males liave been tabulated. Those of the females show precisely 
similar racial and specific variations, so that there is no need to 
include them as well; they are published elsewhere (Lack, 1945) 
When considering wmg-length, it is also necessary to separate 
black or partly black males from those m plumage of juvenile 
type, but the differences in beak measurements between these 
different types of males are so small that they can be neglected. 

In considering racial differences in the average size of beak and 
wing, it should be pointed out that in many of Darwin’s finches 
these characters do not vary altogether independently of each 
other In nearly all the species, those individuals with longer 
beaks tend also to have deeper beaks, the correlation being 
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particularly marked in the ground-finches Geospiza fortis, 
G, fuhginosa and G. conirostt is, but altogether absent in the 
woodpecker-finch Caviarhynchus pallidus A similar correlation 
IS found in the house sparrow Passer domesticus (Lack, 1940 a), 
but IS absent in most, though not all, forms of the North American 
Junco (Miller, 1941) No other birds appear to have been studied 
in this respect 

In five of Darwin’s finches, namely, the ground-finches Geo¬ 
spiza magnirostris, G fortis, G fidiginosa and G conirostris and 
the tree-finch Camarhynchus crassirostris, the individuals with 
longer wings tend also to have larger beaks, though the correla¬ 
tion IS not so marked as that between length and depth of beak. 
Hence in these species, and particularly in the medium ground- 
finch Geospiza fortis, general body-size presumably has some 
influence on the size of the beak, though other beak variations are 
independent of body-size Neither the house sparrow nor most 
forms of the junco show a correlation between size of beak and 
length of wing, though this is found in a few forms of the junco. 
Correlation coefficients for these characters are set out in 
Table XXII, p. 171 

DIFFERENCES BETWEEN ISLAND FORMS 

For reference purposes, the average measurements of beak and 
wing are set out in Table XXIII (p 172) for every species of 
Darwin’s finch on every island fiom which sufficient specimens 
have been collected. The three following tables (pp 174-6) give 
the limits of measurement of the various forms, and standard 
deviations are given in Tables XXIX and XXX. These tables 
show' how commonly a species differs significantly in average 
size on different islands The differences are often small, many 
individuals overlapping in measurements with those from other 
islands, but occasionally they are very marked, with little or no 
overlap between extreme individuals. 

In the laige ground-finch Geospiza magnirostris, the indi¬ 
viduals from the northern islands tend to be rather larger than 
those from the central islands The medium ground-finch 
G. fortis and the small G. fuhginosa show an opposite tendency, 
the birds on the southern islands tending to be larger than those 
on the northern islands, especially in wing-length. But these 
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trends are by no means completely regular, some island popula¬ 
tions varying contrarily to the mam direction. Further, the 
differences are only in average size, and there is marked overlap 
m the measurements of extreme individuals from different islands. 
The variations in the average length of the wing of G. fortis are 
shown in Fig 14; for further details see Table XXIII (p 172). 

Ahingdon ^ 

Bindloe |67| S’ 



Fig. 14 Variations in wing-length in Geospiza fortis. 
(Average wing-length in mm. for black males ) 


The island variations found in the cactus ground-finch G. 
scandetis are also erratic, since the small birds from James show 
no overlap in beak measurements with the large birds from 
Bindloe, the next island to the north; but on islands to the south 
occur populations which overlap widely in measurements with 
both the James and the Bindloe birds The beak variations in 
G scandens and the related species G. conirostris are shown in 
Fig. 15. Those of G. conirostris were discussed earlier (pp 66-9). 

The marked beak differences between the three subspecies of the 
sharp-beaked ground-finch G. difficilis were also considered in the 
last chapter, but further variations occur in this species, since each 
of the three subspecies inhabits two islands, and in each case there 
are small differences m average measurements between the two 
island populations (see Table XV, p 78, and Table XXIII, p. 172). 
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The vegetarian tree-finch Camarhynchus cr assirosti is and the 
small insectivorous tree-finch C, parvulus show little difference in 
average size on. different islands, except for the unusually large 
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Fig 15 Variations m beak m Geospim •scandens and G comroslns 
(Average length ol culmen from nostril in mni) 

(i) For G scandens —islands stippled, figures in squares 

(ii) For G conirostris —islands black, figures in circles 

form of C faivulus on Chatham. On the other hand, both the 
large insectivorous tree-finch C psittacula and the woodpecker- 
finch C. pallidus show marked island differences, m addition to 
ithe variations discussed earlier (pp. 70-1), both species are 
represented by a particularly small form on Albemarle. Finally, 
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in the warbler-finch Cet thidea the birds of the outlying Galapagos 
islands tend to be rather larger than those of the central islands, 
as set out in Fig 16. In this species the variations in plumage also 
tend to a concentric distribution, as shown in Fig 6 (p 40) 
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Fig. 16. Variations in beak in Certhidea 
(Average length of culmen from nostril m pim ) 


NATURE OF THE DIFFERENCES 

In Darwin’s finches some of the most marked beak differences 
between island forms of the same species are adaptive, as con¬ 
sidered in the last chapter. On the other hand, many of the 
smaller differences m beak or wing-length are extremely difficult 
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to relate to possible environmental factors. Some examples of 
this apparently pointless variation are set out in Table XV. 

Table XV Beak and Wing Variations in Forms on 
Adjacent Islands 

Culmen (from nostril) Wing in mni 

in mni (black males) 


Island Average Limits Average Limits 

(i) OhOitPrZA MAONIJtOSTRlS —on islands S miles apart 
James 15 9 13 8-17 4 84 81-88 

Jervis 15 3 13 0-17 0 83 78-90 

(ii) OEOSPIZA SCANDENS—oa islands 5 miles apart 
.Tames 12 9 12 0-13 8 70 60-72 

Jervis 13 6 12 4-14 5 71 69-73 

(ill) OEObPZZA DIFEICILIS SEPTENTRIONALIS —on islands 
20 miles apart 

Culpepper 11 3 10 6-12 2 73 71-77 

Wenman 10 7 10 0-11 7 72 68-75 

(iv) OEOSPIZA DIFFICILIS DEBlLlKOSTRIS—an islands 

10 miles apart 

James 10 3 9 5-11 4 72 05-76 

Indefatigable 9 0 0 1-10 2 69 67-71 

(v) OEOSPIZA CONinOSTRIS CONIROSTRIS—on islands 

1 mile apart 

Hood 15 4 13 0-17 4 80 74-84 

Gardner nr Hood 14 6 12 8-17 0 79 69-84 

Notes, (i) Similar variations in depth of beak can be found from Tables XXIII, 
XXIV and XXVI (pp 172-6) 

(li) The above measurements refer to males only The females show similar 
differences in each case 

(ill) The statistical significance of the differences involved can be calculated 
from the number of specimens measured, and tbe standard deviations of the 
measurements, given in Tables XXIX, XXX and Supplementary Table C 
(pp 179, 180 and 184). 

Table XV shows the existence of significant differences, both 
in average size and in extreme measurements, between popula¬ 
tions of the same species living on islands only a few miles apart, 
In each case, so far as known, the finch concerned occupies the 
same ecological niche on both islands, while the two islands 
provide similar physical and climatic conditions, similar habitats, 
and the same complement of other species of land birds In such 
cases, more of which can be found in Table XXIII, it is almost 
impossible to believe that the differences between the island 
forms are adaptively related to possible differences in their 
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environments The size difference in Geospiza comrostris on 
islands only a mile apart is particularly striking, and recalls the 
yet more remarkable case of the white-eye Zosterops rendovae of 
the Solomons, in which well-defined island forms are separated 
by straits which are only 1, 2, 3 and 4 miles wide respectively 
(Mayr, 1942). 

The rarity of regular trends of variation is another fact suggest¬ 
ing that in Darwin’s finches many of the differences in beak 
and wing-length between island forms are without adaptive 
significance. Even where there is a suggestion of regularity, there 
are usually certain islands on which variation runs counter to 
the mam trend. Examples of such irregularity can be found 
in every species 

It IS extremely difficult to establish convincingly that a 
structural difference is non-adaptive Also, it was a long time 
before I appreciated that some of the beak differences discussed 
in the last chapter were adaptive, so that there may well be other 
differences the adaptive significance of which has not yet been 
discovered On the other hand, conditions are extremely 
similar on many of the Galapagos islands, and the differences m 
beak and wing-length shown by island forms so often seem hap¬ 
hazard and pointless, that it is probable that many of these 
differences are genuinely unrelated to possible environmental 
differences. The ways in which non-adaptive differences might 
arise between populations are considered in a later chapter. 

SIZE VARIATIONS IN OTHER BIRDS 

There are many birds in whieh geographical forms of the same 
species show average differences in wing-length For instance, 
Bergmann’s rule describes a general tendency for the races living 
m cooler climates to have longer wings than those of warmer 
regions Again, forest forms tend to be of larger size than related 
forms in open country, as shown for West African birds by 
Bates (1931) Similarly, Miller (1931) found that in the shrike 
Lanius ludovicianus the races with the longest wings are those 
which live in the most open country. Such trends are regular 
and many forms are similarly affected, so that there is strong 
evidence for considering that the differences involved are 
adaptive. 
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No such regularity occurs in the variations in wmg-length 
found among Darwm’s finches, and similar irregular variations 
occur 111 many other birds frequenting archipelagos, but arc less 
common in other regions. Thus Swarth (1931) records the average 
wing-length of the male Galapagos mockingbird Nesomimus as 
varying from 108 mm. on Bindloe to 124 mm on Hood, and 
some of the island forms show no overlap with each other even 
in extreme measurements. Similarly, the male vermilion fly¬ 
catcher Pyrocephahis has an average wmg-length of 57 mm. on 
Chatham and 64 mm on Charles, the two populations showing 
no overlap m the measurements of extreme individuals. These 
differences are more marked than those found between island 
forms m Darwin’s finches. Instances of similar irregular and 
marked variations in wing-length are cited by Mayr (1942) for 
the land birds of other archipelagos. The Polynesian honeyeater 
Foulehaio c caiunculata shows particularly marked and irregular 
variations (Mayr, 1932 a). In such cases, as m Darwin’s finches, 
there is usually no reason for thinking that the size differences 
are adapted to possible differences in the environments of 
different islands. 

Regional variations m the average size of the beak are also 
fairly frequent in birds. Thus Allen’s rule describes a tendency 
for the forms inhabiting cooler climates to have proportionately 
smaller beaks and other extremities than have the forms of 
warmer regions. As this trend is regular, it is presumably 
adaptive. In continental regions, racial variations m the average 
size of the beak are usually small, though there are some con¬ 
spicuous exceptions, as m some races of the European reed 
bunting Bmheriza schoemclus, the nutcracker Nucifraga caryo- 
catactes and the crossbill Loxia curmrostra (Witherby et al , 1938). 
In the last species, some of the differences are correlated with 
differences m diet (Lack, 19446), as discussed further in the next 
chapter. 

Marked beak differences, and marked size differences generally, 
are commoner m insular than continental races of birds. Where 
a species is distributed over a big land-mass and also over a 
number of islands, the races showing marked differences m size, 
includmg size of beak, are nearly always those of the islands. 
Such island forms may be either larger or smaller than the mam- 
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land forms, but Murphy (1938ffi) finds that, m the passerine birds 
of America, the beak is much more often larger than smaller in 
the insular races In some cases the beak difference may be due 
to the island form filling a rather different niche from its main¬ 
land relatives, correlated with the paucity of other land birds 
on the island. In other cases perhaps no adaptive sigmficanee is 
involved But m nearly all cases too little is yet laiown of the 
ecology of the birds for definite conclusions to be reached. 

While ecological conditions tend to be different on an island 
as compared with the mainland, conditions are often closely 
similar on adjacent islands Yet some of the most marked beak- 
variations occur in birds which are distributed over the islands of 
an archipelago. A particularly good example is provided by the 
Galapagos mockingbird Nesomimtis, m which the average beak- 
length varies from as little as 20 mm. on Albemarle and Inde¬ 
fatigable to as much as 33 mm. on Hood (Swarth, 1931). The 
long beak of the Hood form is perhaps correlated with its shore¬ 
feeding habits, but it is extremely difficult to believe that the 
beak differences between many of the other forms of the mock¬ 
ingbird are adapted to differences in food or ecology Similar, 
apparently non-adaptive, beak differences are found in the 
island forms of many other land birds on oceanic archipelagos. 


Chapter VIII: SIZE DIFFERENCES 
BETWEEN SPECIES 


The characters of the species of Geospiza, as well as of the following subgenera 
run closely into each other in a most remarkable way 

Charles Darwin The Zoology of the Voyage of H M S ‘Beagle’ 


THE THREE GROUND-PINCHES 

The large ground-finch Geospiza magnirostns, the medium 
G. forks, and the small G.fuhginosa differ from each other solely 
in size and in relative size of beak. The probable connection of 
this difference with food has been discussed in Chapter vi, but 
the situation is so remarkable that it is here analysed in further 
detail. 
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The lurnts of measurement given in. Fig. 17 and in Table XXIV 
(p. 174) show that on the northern Galapagos islands the three 



Rg 17 Histograms of beak-depth in Geospi:a speeies 

Measurements in millimetres are placed horizontally, and the percentage of speci¬ 
mens of each size vertically 

Too few specimens are available for a histogram of Darwin’s magmrostns 
The Daphne and Crossman forms are discussed on pp 84-86 

species are clearly separated from each other. But on some of the 
southern islands the separation is very narrow, and occasionally 
there is actual overlap in characters. Further, on some of the 
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southern islands the medium G.fortis is highly variable, and the 
largest individuals come closer in measurements to small 
specimens of G magmrostns than they do to small specimens 
of their own kind, while the latter come closer in measurements 
to large specimens of G. fuliginosa than they do to large in¬ 
dividuals of their own kind. This situation is without parallel in 
birds. The three species, it must be remembered, differ not at all 
in plumage. It might therefoi’e be wondered whether there are 
three distinct species, rather than a single highly variable form. 
But Tig 17 shows that the measurements of these birds fall into 
three groups, each centred round a particular mean value, while 
individuals with intermediate measurements are very scarce. 

OVERLAP IN MEASUREMENTS 

Table XXIV shows a further peculiarity, namely, that the gap 
between G. magmrostris and G. fortis, and the gap between 
G.fortis and G. fuliginosa, occur at rather different measurements 
on different islands. Thus black males with a wmg-length of 
64-66 mm belong to G.fortis if collected on Abmgdon or Bindloe, 
but to 0 fuliginosa if from any other island. Similarly, males 
with a wmg-length of 79-80 mm , a culmen from nostril of 
14 mm and a beak depth around 16 0-16'5 mm. belong to 
G. magnirostris if collected on Abmgdon, Bindloe or Jervis, but 
to G. fortis if collected on Charles. 

As discussed in Chapter vi, the size differences between the 
species are probably correlated with their taking rather different 
foods. It IS primarily on Charles and Chatham, where G. magni¬ 
rostris IS absent, that G, fortis attams a large size. However, 
G. fortis also overlaps in measurements with G. magnirostris on 
two islands where the latter species occurs, namely, Albemarle 
and Indefatigable—but though G. magnirostris is present there 
it IS very scarce Thus of 511 specimens of the two species col¬ 
lected on Albemarle and Indefatigable, only 9 per cent belong to 
G. magnirostris, whereas of 455 specimens from Abmgdon, 
Bindloe, James and Jervis, 55 per cent belong to G magnirostris 
G fortis does not normally attain a large size on any of the islands 
where G. magnirostris is common. 

Though now absent there, G. magnirostris probably occurred 
formerly on Charles (see pp. 22-8) But the specimens which 
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Darwin, collected are extremely large, and are separated from the 
largest specimens of G fortis on Charles by a gap as wide as that 
between the two species on the northern Galapagos islands, 
where both are smaller. This would suggest that the large 
individuals of G. fortis on Charles did not compete for food with 
the unusually large Charles form of G. magnirostns. 

Except on Chatham, where there is a small overlap in then- 
measurements, the gap between the medium G. foi tis and the 
small G. fuhginosa is more definite than that between G. fortis 
and G magnirostris. But the position is complicated by the 


James 



existence on the islet of Daphne of an intermediate form, the 
smallest individuals of which are equal in size to large individuals 
of G. fuhginosa and the largest to small specimens of G. f 07 tis. 
A similar but rather smaller intermediate form occurs on the 
Crossman islets. As shown in Fig 18, Daphne is not particularly 
near the Crossmans, which suggests that these intermediate 
forms are of independent origin Formerly, they were referred 
to a distinct species G hatteiti, but Swarth (1931) considered that 
the Daphne birds were miusually small specimens of G.fottis and 
the Crossman birds unusually large specimens of G fuhginosa. 
As the plumage of the two species is identical, measurements 
provide the only clue to their specific identity. These are given in 
Fig. 17 and Table XVI 
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Table XVI. The Pecoeiab Forms oe Geospiza on 




Daphne 

AND Grossman 






Culmeti 

Wing in mm 


Coefficient 


from nostril in mm. 

(black males) 

Ratio of 

of variability 





A 

culmcn. 

^_A- 


Form 

! - 

Mean 

Limits 

Mean 

-—^ 

Limits 

to wing 

Culmen 

Wing 

G phs (Inde¬ 

12 0 

(10 5-13 9) 

73 

(69-79) 

0 16 

6'8 
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Note For number of specimens measured see Supplementary Table C, p 184 


Formerly I thought that the Daphne and Crossman forms 
might be of hybrid origin between G. fortis and G. fuliginosa. 
However, it would be highly remarkable if two species which 
occur together on many islands without interbreeding should, 
just in two places, give rise to a hybrid population Further, 
it would be necessary to suppose that such interbreeding no 
longer takes place, since the Daphne and Crossman birds do not 
include any individuals in the upper range of size of G. fortis nor 
any in the lower range of size of G. fuliginosa. Moreover, the 
chief character in which these birds are intermediate is the beak, 
a structure which is particularly adaptable in Darwin’s finches. 

An alternative explanation is possible. Daphne is only half 
a mile m diameter and the Crossmans are rather smaller, so that 
they could support only very small populations of G. fortis or 
G fuliginosa Perhaps one of the two species became temporarily 
extinct there, or alternatively the islands may be too small to 
support populations of both species. If only one of the two species 
persisted, it might be expected to evolve a beak of intermediate 
type, since the foods normally taken by both species would be 
available for it. It has already been shown m Chapter vi that on 
some of the small outlying Galapagos islands two of the usual 
ground-finch species are absent, m which case a form has some¬ 
times been evolved which occupies two food niches and has a 
beak of intermediate type. If a similar explanation holds for the 
Daphne and Crossman birds, then, to judge from their appearance, 
the Daphne birds are an unusually small form of G. fortis and 
the Crossman birds an unusually large form of G. fuliginosa, as 
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previously concluded by SwfCrth. This view is corroborated by 
the ratio of beak-length to wing-length in these forms, as shown 
in Table XVI. 

Ground-finches occasionally wander out to sea (see p. 21), 
and since Daphne and Crossman are close to large islands, it is 
probable that typical individuals of G fortis and G. fuligmosa 
occasionally wander there. Indeed, three typical specimens of 
G. fuhginosa have been taken on Daphne. Nevertheless, the 
peculiar local forms persist, which presumably means that they 
are better adapted to existence on small islets than are the typical 
forms of the species concerned. A similar conclusion was reached 
regarding the persistence of forms such as G conirostris and 
G. difficihs septentrionalis, which combine two food niches on the 
small remote Galapagos islands (see p. 70) 

In addition to the cases of overlap in measurements so far 
considered, there are four specimens from James and Bmdloe 
which are so intermediate between G. magmrostris and G fortis 
that they cannot certainly be identified. Their measurements are 
given m Table XXXII (p. 182), but are omitted from Fig 17 
owing to doubt as to the species concerned. In the same table 
are given the measurements of two specimens, from Hood and 
Chatham, which are intermediate between G fortis and G. fuligi- 
nosa, these are probably freak specimens of the smaller species. 
Such intermediate specimens, which are extremely rare, are 
discussed further in Chapter x. 

DIFFERENCES IN PROPORTIONS 

The three species G magnirostris, G foitis and G fuliginosa differ 
from each other not only in absolute size of beak and wing, but 
also in their proportions. The large G magnitostns has pro¬ 
portionately the longest beak in relation to wing-length, and pro¬ 
portionately the deepest beak in relation to beak-length. The 
small G fuligmosa has proportionately the smallest beak in 
relation to wing-length and proportionately the narrowest beak in 
relation to beak-length, 

Huxley (1927, 1942) has shown in a number of animals that 
the larger individuals have proportionately larger external parts. 
This allometric relation holds in such diverse instances as antlers 
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of deer and claws of crabs, and suggests the possibility that the 
differences in proportions between the three ground-finch species 
may be simply an indirect effect of their absolute size To test 
this, Tables XXVII and XXVIII (pp 177-8) were prepared. 
These rule out the above suggestion, showing that within each 
species the larger individuals do not have relatively larger beaks, 
while those with longer beaks do not have relatively deeper beaks. 
Instead, the proportions of wing-length to beak-length, and of 
length to depth of beak, are approximately the same for all the 
individuals of each species, whatever their absolute size. Hence 
the differences between the three species do not depend simply 
on general size factors with associated allometric relations 
affecting their proportions 

Since the proportions of beak and wing are characteristic for 
each of the three species, they provide an additional criterion for 
identification, but, owing to the marked individual variation, only 
the average for a senes of specimens is reliable Because of 
their high variability in both proportions and absolute size, and 
owing to the narrowness of the gaps between their extreme 
measurements, and because their plumage is identical, these 
three ground-finch species show no completely certain criteria 
for identification However, nearly every specimen can be safely 
identified by considering all its characters together, and knowmg 
also the island where it was collected Presumably the three 
species have markedly different hereditary constitutions, and 
so far as known they do not interbreed with each other, but they 
regularly give rise to individuals which are extremely similar 
to each other m all external characters, while very occasional 
individuals are so intermediate in appearance that they cannot 
safely be identified—a truly remarkable state of affairs In no 
other birds are the differences between species so ill-defined 

The photographs in Plate IV (facing p 96) are of specimens m 
the California Academy of Sciences. They are all reproduced on 
the same scale, and show the marked diffgpsaSeeiS^SKe between 
the largest and smallest specimen of G^:^^fe^aiiia(^b^^losely 
the largest approaches to G magmrami^ fS,Qi the~SinhTOt to 
G fuhginosa. They also show the dij^ei^ce^m the pr^|^r|^ons 
of the beak in the three species. _ 
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CAMARHYNCHUS 

The insectivorous tree-finches present a situation rather similar 
to that of the three ground-finches, though with certain differ¬ 
ences. On most Galapagos islands there are two species, the large 
Camarhynchus psittacula and the small C. parvulus, which have 
similar plumage and differ solely in 
size and mproportionate size of beak 
As in Geospiza, the larger species 
has proportionately the longer and eg 
deeper beak On Charles there also 
occurs a third species Camarhynchm 
pauper, intermediate in size between 
the other two. The size variations 
in these three species are shown in 
Fig 19 and Table XXV (p 175). og 

The small insectivorous tree-finch 
C. parvulus is of similar size on all 
the main Galapagos islands except 
Chatham. Its unusually large size 
on the latter is probably correlated 
with the absence there of C. psitta~ 
cula (see p 63). The largest indi¬ 
viduals from Chatham overlap in all 
measurements with the Albemarle 
form of C. psittacula, but C.parvulus 
does not normally overlap in beak 
measurements with C psittacula on % 
any island where both occur to¬ 
gether. 

On the central Galapagos islands 
of James, Jervis and Indefatigable, 
the gap between the two species is ^‘8 Histograms of beak-depth 
clear and wide. On Albemarle it ,s 

still present, but it is much narrower Measurements m millimetres are 
, „„ „ . „ , placed honzontally, and the per- 

because OltliC small Size or AlbemErle centage of specimens of each size 

C psittacula Finally, on Charles the vertically 

largest specimens of C parvulus are specimens are available for 

, . \ 1 I . „ a histogram of C pnltacula on 

only just separated in depth of Charles 
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beak from the smallest specimens of the medium-sized species 
C. pauper, and in length of wmg and culmen from nostril they 
show a slight overlap. Similarly, the largest specimens of 
C. pauper overlap slightly in length of wing and culmen with the 
smallest specimens of C. psittamla, but they show no overlap 
111 regard to depth of beak, though the gap is extremely narrow. 
Only sixteen adult specimens of C psittacula have been collected 
on Charles, as compared with 142 of C pauper and 124 of C par- 
vulus Evidently the large C. psittacula is much less successful 
than the medium-sized C pauper on this island. 

In Camarhynchus, as in Geospiza, further overlap in measure¬ 
ments is provided by a few freak specimens which are inter¬ 
mediate in size between the small and the larger species. They 
cannot certainly be identified, but are probably abnormal 
specimens of Camarhynchus paroulus. Their measurements are 
given in Table XXXII (p. 182). 

CASES IN OTHER BIRDS 

Examples have already been discussed in Chapter vi of two and 
occasionally three related species of birds which differ from each 
other primarily in size and size of beak and share the same habitat. 
Nearly all such species also differ from each other to some extent 
m plumage, and the absence of plumage differences, as in Geo¬ 
spiza, IS unusual In these other birds the size differences are 
more clear-cut than they are m Geospiza and Camarhynchus But 
m few other cases are two or three such species found together 
on the islands of an archipelago, with the favourable conditions 
thus afforded for the appearance of size differences between local 
populations; and the position is further complicated in Geospiza 
by the unusually large amount of purely individual variation 

The nearest parallel to Geospiza occurs m the crossbills. As 
mentioneirm Chapter vi, there are three species, the large-beaked 
Loxia pytyopsittacus which feeds primarily on pine cones, the 
medium L. curvirostia which feeds primarily on spruce, and the 
small-beaked L. leucoptera which feeds primarily on larch cones 
But this IS not all, for some of the geographical forms of L, mrvi- 
rostra differ markedly from the typical race in both diet and beak. 
Thus the Scottish form h c. scotica feeds on pine cones and has a 
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beak closely similar to that of L pytyopsittacus. At the other 
extreme, the Himalayan form L. c himalayemis has a beak as 
small as that of L, leucoptera, and like the latter species feeds 
primarily on larch (Lack, 19446). In the crossbills, the correla¬ 
tion between beak and diet is closer than it appears to be m 
Geospiza But, as already mentioned, the diets of the Geospiza 
species need more detailed study, particularly in the latter part 
of the dry season, which is likely to be the most critical time 


Chapteii IX; INDIVIDUAL VARIATION 


No one supposes that all tho individuals of the same species are cast m the very 
same mould These mdividiinl differences are hiRhly important to us, as they afford 
materials for natural selection to accumulate I am convinced that the most 
expenenced naturalist -would be surprised at the number of cases of variability, 
even in important parts of structure, which he could collect It should be re¬ 
membered that systematists arc far from pleased at flndinR variability in important 
characters CnAnuES Baiiw’in. The Or^m 0/ Species, Ch ii 


CHARACTERS AFFECTEP 

Darwin’s finches show an unusually large amount of purely 
individual variation, and this affects all the characters which help 
to distinguish the various races, species and genera. The striking 
individual variations in male plumage, both as regards its extent 
and the age at which it appears, have been considered in Chapter v, 
while the less marked variations in female plumage were dis¬ 
cussed in Chapter iv The most variable feature of all is probably 
the beak, thus causing confusion among taxonomists, since this 
IS usually a very stable character m birds Wing-length is also 
unusually variable in some of Darwin’s finches 

The unusually marked variability m beak is demonstrated 
most convincingly by the fact that in several cases one island 
form was earlier thought to consist of two separate species This 
happened m the case of the medium ground-finch Geospiza fortis 
on a number of islands, in the small ground-finch G fukginosa on 
Chatham, and in the large cactus ground-finch G comrostris on 
both Hood and Culpepper The difficulty which these forms present 
can be gathered from the photographs of extreme individuals of 
G fortis on Charles, G fuhginosa on Chatham and G. c. comrostiis 
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on Hood, shown in Plate IV (facing p. 96). Darwin’s finches 
are also unusually variable in that occasional freak specimens 
are produced which have departed so, far from the normal, 
particularly in beak, that their species cannot certainly be 
determined These freaks are discussed further in Chapter x. 

DIFFERENCES BETWEEN ISLAND FORMS 

In Darwin’s finches the amount of individual variation is some¬ 
times different m populations of the same species on different 
islands. R A. Fisher (1937) and others consider on theoretical 
grounds that small populations are less variable than large ones, 
and Fisher has demonstrated that this relation holds for vari¬ 
ability m birds’ eggs The same hypothesis can be tested in 
Darwin’s finches 

Variability in plumage is difficult to measure statistically But 
the measurements of wing-length and size of beak can be utilized, 
and their standard deviations affoid a reliable means of com¬ 
paring the variability of different forms, provided that the forms 
are of similar average size The latter condition holds for island 
populations of the same species For the method of calculating 
the standard deviation, the reader is referred to any text-book on 
statistics, it IS a measure of the scatter of individual measure¬ 
ments round their mean value. 

It IS difficult to measure accurately the size of the populations 
of Darwin’s finches, but all that is required here is a comparative 
estimate of abundance. For this purpose, it has been assumed 
that within any one species the size of each island population is 
roughly proportional to the area of the island where it is found. 
The reader can therefore form a rough idea of the size of each 
population by inspecting the map of the Galapagos (see also 
pp 123-4) However, if islands are so close together that birds fly 
regularly from one to the other, the two populations should be 
reckoned in together. 

The results set out in Table XXIX (p 179) show that, in the 
large ground-finch G. magnirostris, the populations on the smallest 
islands, Wenman and Tower, are the least variable, while those 
on the moderately small islands of Abmgdon and Bindloe are 
somewhat more variable and that on the large island of James is 
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more variable still. But the differences in variability are not so 
great as might, perhaps, have been expected in view of the 
marked differences in the size of the islands concerned. Further, 
the same correlation does not hold on Jervis, since this is a very 
small island, but its G. magnhostns population is rather variable 
Since Jervis is only 5 miles from James, it is possible that birds 
from Jervis mmgle to some extent with those from Janies, 
though they keep sufficiently separate for the average size of the 
beak to be signiflcantly different on the two islands. Another 
difficulty IS provided by the population on Indefatigable. This 
is one of the most variable population.s, but G. magnirostris is 
scarce on Indefatigable so that, though the island is large, it is 
doubtful whether the G. magnirostt is population is large. 

Passing to the medium ground-finch G fortis, the populations 
on the small islands of Abingdon and Bmdloe are less variable 
than those of the large islands G.foitis also shows a rather small 
degree of variability on James, which is a large island, and 
probably also on Jervis, which though a small island is close to 
James. It seems probable that the reduced variability of G fortis 
on Abingdon, Bmdloe, James and Jervis is due primarily to the 
fact that the large ground-finch G magnitostns is common there, 
and that this prevents G. fortis from attaining the large size 
which IS possible for it on islands where G. rnagnir ostris is absent 
or very scarce (see pp 63, 83). Any influence of population size on 
variability would seem secondary to this ecological factor 

Table XXIX also shows that, in the small ground-finch 
G. fuhginosa and m the warbler-finch Certhidea, there is no 
apparent difference in the variability of populations on small as 
compared with large islands. 

The view that the more abundant forms are the more variable 
therefore receives but meagre support in Darwin’s finches But 
the attempt to correlate variability with abundance is 3 ustified 
for structures such as beak and wing only provided that the 
ecological conditions are the same for the forms concerned This 
is not always the case in the Galapagos finches Thus on islands 
where the large Geospiza magnirostris and the medium G. fortis 
are both common, it might be expected that they would tend to 
have more restricted diets than on islands where one or other is 
absent The presence or absence of G fortis may similarly affect 
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the diet of the small G fuhginosa. Again, m the warbler-finch 
Certhidea, the Hood form feeds on the shore to a greater extent 
than the other forms Such ecological differences probably have 
a greater influence on variability than have differences in the 
size of the population, so that any possible effects of the latter 
are much obscured. 

The other species of Darwin’s finches cannot be utilized in this 
investigation Some of them do not breed on the small islands > 
in others too few specimens have been collected for significant 
results, and in others the island forms differ too much for direct 
comparisons to be justifiable. The last particularly applies to 
those cases in which the bird occupies a different ecological niche 
on different islands. For reference purposes, the standard de¬ 
viations of the measurements of these other species are given m 
Table XXX, p. 180. 

There appears to be only one other bird in which the vari¬ 
ability of different geographical forms has been compared, 
namely the North American junco (Miller, 1941). In this bird, 
the smallest isolated populations are those of Junco insularis, 
J bairdi, J vulcani and J. mkeni When these forms are com¬ 
pared with seventeen more widely distributed forms, they do 
not show a significant reduction in variability m regard to any 
of seven measurements affecting wing, tail, leg and beak. It is, 
of course, possible that the various forms of junco are not 
exposed to exactly the same ecological conditions. 

DIFFERENCES BETWEEN SPECIES 

Some species of Darwin’s finches are far more variable than 
others Precise comparison is difficult because the unit for 
measuring variability, the standard deviation, is partly dependent 
on the size of the part measured; species of larger size tend for 
this reason alone to have larger standard deviations. To com¬ 
pensate for this, it is usual to divide the standard deviation by 
the mean size, thus obtaining the coefficient of variability, but 
Day and Fisher (1937) criticize this procedure because it should 
not be assumed that variability is directly proportional to the 
mean. However, since it is of interest to compare the variability 
of different species Table XXXI (p 181) has been prepared, and 
the coefficient of variability is used in default of a better unit. 
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It has bonietimes been stated that all of Darwin’s finches are 
exceptionally variable in beak This is true as regards the oc¬ 
casional appearance of highly freak individuals, which are dis¬ 
cussed in Chapter x. But it is not true for most species when 
variability is measured statistically, by the spread of the normal 
run of variations round their mean value The only other song¬ 
birds available for comparison are the house sparrow Passei 
domesticus, the shrike Lanins ludovicianm and the species of 
Junco. Table XXXI shows that, by the standard of these birds, 
most of Dai win’s finches do not shou an unusual degree of 
spread in their measurements. Unusually marked ■variability is, 
however, shown by four forms, the ground-finches Geospiza 
magmrost? is, G.Joitis and G. cotwosiris on all the islands where 
they occur, and the small ground-finch G fiihginosa on Chatham. 
Not only do these forms have unusually high coefiicients of 
variability but, as already mentioned, each of the three latter 
was formerly considered to consist of two distinct species, instead 
of one. Each is really a single form with no trace of bimodahtj 
m characters, though the beak differences between extreme in¬ 
dividuals are similar to those found between members of different 
species or even genera lu typical passerine birds 

It would be of great interest to deteimine the critical factors 
controlling the variability of each species, and to know why 
some species are so much more variable than others Table XXXI 
shows that, wdien different species are compared, there is no 
obvious relation between variability and abundance It seems 
probable that in wild birds the most important factois affecting 
the variability of the beak are first the degree of specialization 
m feeding habits, and secondly the extent of competition for food 
with other species, these two factors being partially interrelated 
It seems significant that all the highly variable forms of Darwin’s 
finches are generalized finch-like types with unspecialized diets 
On the other hand, some of the least v'ariable species have 
specialized beaks or feeding habits, such as the wmodpeckcr-finch 
Camarhynchus pallidus, the vegetarian tree-finch C ciassuostris, 
and the Cocos-finch Pinaioloxias However, another bird with 
specialized feeding habits, namely, the cactus ground-finch 
Geospiza scandens, is one of the more v'anable forms. 

In the Galapagos there are only a very small number of 
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passerine species to share out the available foods. It might 
therefore have been expected that Darwin’s finches would have 
more varied diets, and hence more variable beaks, than con¬ 
tinental passerine birds. However, to set agamst this, there is 
also a much smaller variety of land plants and insects in the 
Galapagos than in a continental area In fact, most of Darwin’s 
finches show a degree of variability m beak about equal to that 
of continental passerine birds Why this should be so, and why, 
at the same time, just a few forms should be exceptionally 
variable, only further research can determine. 


Chapter X HYBRIDIZATION 

The new generally entertained by naturalists is that species, when intercrossed, 
have been specially endowed with the quality of sterility, m order to prevent the 
I onfusion of all organic forms I hope, however, to show that sterility is not a 
specially acquired or endowed quality, but is incidental on other acquired differ- 

Chamjds Dabwin The Ongin of Species, Ch viii 

FIELD OBSERVATIONS 

In certain groups of plants there occur peculiar ‘ species-swarms ’, 
many closely related forms being found m the same region and 
differing from each other in comparatively few characters. These 
swarms are partly the result of hybridization between species, 
with resulting recombination of their characters, and their 
occurrence has led Lowe (1930,1936) to suggest the same manner 
of origin for the not dissimilar ‘swarm’ of Darwin’s finches. 
Certain other writers have also suggested that there is an un¬ 
usually large amount of interbreeding between the species of 
Darwin’s finches. 

With the above point in mind, a careful watch was kept 
throughout the breeding season of 1938-9 for possible cases of 
interbreeding None was observed, nor have any been recorded 
by Beck, Gifford or the other experienced collectors who have 
worked in the Galapagos. Clearly hybridization between species 
IS rare, if not absent This is corroborated by the behaviour of 
the captive ground-finches brought to California Among these 
birds, individuals of the same species have bred freely with each 
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other, but it has not so far proved possible to induce individuals 
of different species to breed together. The species involved m 
these experiments were the ground-finches Geospiza magnirostris, 
G. fortis, G. fuliginosa and G. scandens (Orr, in the Press). 

FORMS OP INTERMEDIATE APPEARANCE 

The large cactus ground-finch G comrostris on Hood and Tower 
has a beak intermediate m character between that of the medium 
ground-finch £?. fortis and that of the cactus ground-finch 
G. scandens. It might therefore be suggested that G comrostris 
is of hybrid origin between the two latter species, but there is no 
evidence for this, and the intermediate nature of its beak is much 
more satisfactorily explained by supposing that G. comrostris 
combines the feeding rbles of the other two species, as discussed 
on pp. 66-9. Similarly, the sharp-beaked ground-finch G. diffi- 
cilis septeninonalis of Wenman and Culpepper has a beak 
intermediate between that of typical G. difficilis and that of the 
cactus ground-finch G. scandens This also is to be regarded as 
an adaptive modification to a particular food niche, and there is 
no reason to think that the bird is of hybrid origin (see pp 67-8). 
Again, the medium ground-finch G fortis is intermediate iii every 
way between the large G. magnirostns and the small G. fuliginosa, 
but there is no reason whatever for considering that it is a hybrid 
between them These cases show that in Darwin’s finches a beak 
of intermediate character does not usually imply a hybrid origin, 
but rather that the form concerned occupies an intermediate 
ecological niche. 

More puzzling is the large-beaked ground-finch on remote 
Culpepper. Originally Rothschild and Hartert (1899, 1902) 
named this bird G. darwini, but later they classified it as a new 
race of the large cactus ground-finch G. comrostris. Some of the 
later specimens were referred by Swarth (1931) to the large 
ground-finch G. magnirostns, others to the Tower form of 
G, comrostris, but they all really belong to darwini The beak of 
darwini shows clear basic affinities with that of other forms of 
G. comrostris, but is heavier, with superficial similarities to that 
of G, magnhostris. It is also extremely variable. These facts 
originally led me to suggest that darwini was of hybrid origin 






Photos Califomici Academy of Sciences 

(ii) G fortis on Charles 
(lv) G comrostris on Hood 


about G/5 natuial sire 


(i) G ma^»irosiris. left, on Tower, right, on Jervis 
(ill) G fuhginosa on Chatham 

BEAK VAKIATIONS IN FOUR SPECIES OF GEOSPIZA 
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between G. conirostris and G. magmrostris. Pointing against this, 
on Tower these two species reside together without interbreeding. 
Further, darwtni possesses characters of female plumage shown 
by neither G magmrostris nor G comroshis elsewhere, namely, 
olive tips to the back feathers, buff on the underparts, and rufous 
on the wmg These appear to be primitive plumage eharacters, 
as discussed in the next chapter (pp 101-2). Probably darwini 
IS a genuine form of G comrostrts with a beak modified for 
ground-feeding (see p. 68), hut the possibility of a hybrid origin 
cannot be altogether excluded Its exceptional variability in 
beak is difficult to explain, but the bird possibly has an un¬ 
usually varied diet. The other forms of G. comrostris are also 
highly variable m beak, though not to the same extent. 

The peculiar forms of Geospiza on Daphne and Crossman 
might also be thought to be of hybrid origin, since they are 
intermediate in appearance between the medium G. fot its and 
the small G fuhgtnosa. But, as already discussed (pp 84-6), their 
intermediate appearance is more probably due to occupation of 
an intermediate ecological niche 

The small ground-finch G. fuliginosa is unusually variable on 
Chatham, where both very small and very large individuals 
occur (see Tables XXIV and XXIX, pp 174,179). This suggests 
the possibility that it is a racial hybrid between a small form of 
G, fuliginosa from the northern islands and a larger form from 
the southern islands, but so little is yet known of the factors 
controlling variability that this explanation cannot be con¬ 
sidered at all certain, and there may well be some other reason 

FREAK SPECIMENS 

In Darwin’s finches there are no other species or island forms for 
which a hybrid origin might be suspected But the collections 
include a number of odd specimens which are difficult or impossible 
to assign to known species, and which in many cases are inter¬ 
mediate in appearance between two species. Some of these 
specimens were formerly thought to be new species, and were 
named as such, but they are certainly too rare for this, and they 
must be regarded as either freaks or hybrids. The specimens 
concerned are listed, together with their wmg and beak measure¬ 
ments, in Table XXXII, p. 182 
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The dwarf specimen of the vegetarian tree-finch Camarhynchus 
Cl assu ostris can confidently be identified as a freak and not as a 
hybrid with some other species On the other hand, the remark¬ 
able 'Camarhynchus conjunctus' and ‘Camarhynchus aureus' are 
probably hybrids between the warbler-finch Ceithidea and the 
small insectivorous tree-finch Camarhynchus paivulus, dis¬ 
similar though these two genera are. As shown in Fig. 20, these 
peculiar forms have a beak intermediate in appearance between 
that of Camarhynchus and Ceithidea, and m addition C. con- 
junctus shows the chestnut throat-patch typical of Certhidea. The 
peculiar ‘Cactospiza giffordt' also has a chestnut throat-patch, 
but in other respects looks like a dwarf woodpecker-fineh 
C. palhdus, and is either a freak specimen of the latter or possibly 
a hybrid between this species and Certhidea. 



(l) (u) (ill) (iv) 

Pig 20 Possible intergenerio hybrids 
f natural size (a/(ei S-narth) 

(i) Camarhynchus parvulus pair ulus (ii) '■Camarhynchus aureus' (Chatham) 

(ill) 'Camarhynchus conjunctus' (Charles) (iv) Certhidea ohvacea (Charles form) 

The nature of the other specimens is much more problem¬ 
atical. Related species of Darwin’s finches look very similar, 
and in some cases differ solely in total size and relative size of 
beak. An unusually small specimen of a large species, an un¬ 
usually large specimen of a small species, and a hybrid between 
them, might well be indistinguishable in appearance. This 
difficulty has already become apparent wdien discussing the 
affinities of the ground-finches of Daphne and Crossman, and it 
also applies to many of the specimens listed m Table XXXII 
Thus the peculiar specimens mtei mediate between Geospiza 
fortis and G scandens might be freaks of either species or hybrids 
between them, their resemblance in beak to another species, 
G conii ostris, is presumably fortuitous and further illustrates the 
difficulties in identifying such mdividuals. It is unfortunate that 
the captive finches brought to California have so far refused to 
interbreed, as specimens of known hybrid origin might have 
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helped to clear up the relationships of the freak specimens taken 
m the field As shown m Table XXXII, such abnormal or inter¬ 
mediate specimens occur in nearly all the species of Darwin’s 
finches, 

HYBRIDIZATION AND THE ORIGIN OF NEW FORMS 

Unusually variable island forms, attributable to hybridization 
between races of the same species, have been described by Mayr 
(19326, 1938) for the flycatcher Pachycephala in the Fi]is and the 
Solomons, and also for the mound-builder Megapodius eremtta 
on Dampier Island off New Guinea, while in continental birds 
adjacent subspecies frequently interbreed in a zone of contact 
In some of these cases the hybrid population is highly variable, 
and ranges in appearance between both parental types, while in 
other cases, such as that of Junco hiemalis cismontanus (Miller, 
1941), a more stable form is produced. In cases of the former type, 
variability is perhaps maintained by repeated fresh contacts be¬ 
tween the parent races, while m the stable forms some of the heredi¬ 
tary factors of the parent races have evidently been ehmmated 

Hybrids between species are much rarer than interracial 
hybrids, and hybrids between members of different genera are 
rarer still, particularly among birds living m a wild state How¬ 
ever, natural intergeneric hybrids have been recorded between 
the greenfinch Chloris chlons and the goldfinch Carduelis car- 
duehs, and between the swallow Hirundo rustica and the house 
martin Dehckon urbica (Meise, 1936a; Mayr, 1942), so that 
parallels exist with the probable hybrids between Certhidea and 
Camarhynchus parvulus in the Galapagos. 

The rarity of hybrid birds suggests that they are less efficient 
than either parent species. Frequently they are sterile, and 
Dobzhansky (1937) considers that they also tend to be less well 
adapted m other ways. Their disadvantages tend to be greater 
the greater the degree of difference between the two parental 
types, and so are greater in a hybrid between two species than 
m one between two races of the same species. Occasionally in 
birds a form of hybrid origin between two races has become 
established, showing that these disadvantages may be overcome, 
but there is only one known case of an established form of hybrid 
origin between two species. This is the hybrid between the house 
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and Spanish sparrows Passe) domesUcus and P. hispaniolensis, 
which IS established to the exclusion of both parent species in cer¬ 
tain North African oases, and perhaps also in Italy (Meise, 1936i). 

The survey by Huxley (1942) shows that, in plants, established 
forms of hybrid origin are much commoner than they are m 
birds. But most successful plant hybrids are allopolyploids, 
which means that they possess the complete set of inherited 
factors of both parent species. As a result, they do not usually 
suffer from the disadvantages associated with hybrid forms in 
most animal groups, and they tend to be fertile Polyploidy is 
unknown in birds, so that the comparison between Darwin’s 
finches and a species swarm in plants is not a valid one. 

It IS therefore improbable on general grounds that hybridiza¬ 
tion between species has played an important part in the origin 
of new forms of birds. In Darwin’s finches no cases of inter¬ 
breeding between species have been observed m the wild, and 
individuals of different species have not as yet been induced to 
interbreed in captivity. Some forms of Darwin’s finches are 
intermediate in appearance between two species, but in most 
cases this is probably due to the intermediate nature of their 
ecological requirements and not to a hybrid origin. There are also 
a number of freak specimens, but it is not certain how many of 
these are hybrids, and their rarity indicates that they are at a 
disadvantage, though selection is evidently less strict than is the 
case in most birds. To conclude, it seems probable that hybridi¬ 
zation has not played an important part in the origin of new 
forms of Darwin’s finches. 

Chapter XI: AN EVOLUTIONARY TREE 

On the principle of the multiplication and gradual divergence in character of the 
species descended from a common parent, together with their retention by in- 
lieritante of some characters in common, we cun understand the excessively 
complex and radiating affinities by which all the members of the same family or 
higher group are connected together 

Ci'ABtES Darwin: The Origin of Species, Ch xiii 
THE ORIGINAL STOCK 

From the seeds planted by Darwin, a forest of evolutionary 
trees came to adorn the text-books of zoology. Their cultivation 
IS now somewhat out of fashion, but since the central theme of 
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this book is that Darwin’s finches evolved from a common stock, 
it IS necessary to suggest the steps by which this could have come 
about, though m this matter no finality of judgment is possible 
The difficulties m reconstructing the course of evolution are 
great, since resemblances between existing species may be due 
to close relationship, but may also be brought about by parallel 
evolution, or by the chance retention of the same primitive 
features. Further, island populations are often small, so that 
forms can become modified or extinct very quickly Nor are 
there any fossil specimens to help fill the gaps in the living 
record 

Previous chapters have shown so many resemblances between 
the various species of Darwin’s finches that it is scarcely necessary 
to reaffirm that they are all related to each other. All recent 
writers are agreed on this, Swarth (1931) from a study of skins, 
Snodgrass (1903), Sushkin (1925, 1929) and Lowe (1936) on 
anatomical grounds, and the present writer from a study of their 
breeding behaviour. But though all the species show marked 
similarities to each other, they do not show a close resemblance 
to any particular species of finch on the South or Central Ameri¬ 
can mainland. Either the mainland ancestor has become extinct, 
or Darwin’s finches have diverged from it so far that their close 
relationship is no longer apparent. Sushkin and Lowe have 
established-that Darwin’s finches are derived from the fringilline 
subfamily of the finches, but it is difficult to restrict their point 
of ongin more closely. 

The evidence suggests that the following are primitive geo- 
spizme features black plumage in the male, streaked underparts 
and a rufous wing-bar in the female, a heavy finch-like beak, a 
diet of seeds, and a habitat in the and lowland zone. One of 
Darwin’s finches, namely, the sharp-beaked ground-finch Geo- 
spiza difficihs, possesses all these characteristics The differentia¬ 
tion of this species into three well-marked races also suggests 
that it is a long-established form, while its irregular distribution 
on the outlying Galapagos islands suggests that it is m process of 
elimination by the small ground-finch G fuligmosa, which was 
presumably evolved later (see pp. 26-8) 

The Culpepper and Wenman form of G. difficihs has an olive 
tinge to the upper parts, a buff tinge to the underparts and a 
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rufous wmg-bar, characters which are shared by two other 
species, namely, the peculiar Culpepper ground-finch G coni- 
rostris darwini and the Cocos-finch Pinaroloceias. Such a dis¬ 
continuous distribution of characters suggests that they are 
primitive. Hence Geospiza difficths septentrionahs of Culpepper 
and Wenman can probably be regarded as the least modified 
living representative of Darwin’s finches 



THE BRANCHES 

The small ground-finch G fuhginosa shows many of the features 
which are presumed to be primitive in Darwin’s finches, but it 
lacks the rufous wmg-bar It may well have evolved from the 
sharp-beaked ground-finch G. difficihs, or from an ancestral form 
of the latter Indeed, the Tower form of G. difficths looks so like 
G fuliginosa that, had G. dtffictlis occurred only on Tower (where 
G. fuligmosa is absent), the two would probably have been re¬ 
garded as geographical races of the same species It is even 
possible that G. fuliginosa was derived from G difficilis via the 
Tower form of the latter, but I would not press this point, as I 
now consider that some of their resemblances are due to parallel 
evolution (see p 67) 

The medium ground-finch G fottts differs from the small 
G fuliginosa solely in size and proportions, and extreme in- 
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dividuals of the two species approach each other closely. Hence 
G fortis may well have evolved from the smaller species. Simi¬ 
larly, the large ground-finch G. magnirostris differs from the 
medium G forUs solely in size and proportions, and very possibly 
evolved from it. 

The relationship of the large cactus ground-finch G. comrostris 
IS more difficult to determine. The discontinuous distribution of 
this bird solely on the three outlying islands of Culpepper, Tower 
and Hood, together with its differentiation into well-marked 
races, indicate that it is a long-established species. This is 
corroborated by the fact that the Culpepper form G. c. darwini 
possesses primitive plumage features found otherwise only m the 
Cocos-finch Pinaroloccias and in the Culpepper and Wenman 
form of the sharp-beaked ground-finch Geospiza difficihs. Prob¬ 
ably G. conirosins was derived from an ancestral form of G. dif- 
flcihs, and its present distribution suggests that it may at one 
time have been much more widespread m the islands than it is 
to-day. Possibly it occupied the large ground-finch niche on 
many islands until the later evolution of G. magnirostris and 
G.foiiis. 

The cactus ground-finch G. scandens agrees with G. comrostris 
m its dark underparts and its habits of feeding on Opuntia 
Further, it replaces Geospiza coniiostns geographically. G scan¬ 
dens IS more specialized than G. comrostris in the cactus-feeding 
role, and correlated with this it has a longer and thinner beak. 
But the gap between the two species is bridged by the com¬ 
paratively narrow-beaked form of G coniiostns on Tower and 
the comparatively broad-beaked forms of G scandens on 
Abingdon and Bmdloe, which are adjacent to Tower It is very 
possible that G. scandens was derived from G comrostris, and 
they should perhaps be regarded as well-marked geographical 
forms of the same original species. Certainly they are closely 
related The Culpepper and Wenman form of the sharp-beaked 
ground-finch G difficihs feeds on cactus, and there is no difficulty 
m supposing that G conirost) is and G. scandens evolved from the 
same stock as G difficihs 

The tree-finches Camarhynchus were presumably derived from 
Geospiza stock by partial loss of black plumage in the male, 
reduced streaking in the female, and some modification in beak 
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and feeding habits. The Camarhynchus line early diverged into 
two, the insectivorous forms on the one hand and the vegetarian 
tree-finch C. crassirostris on the other. The latter species has a 
distinctive song and a somewhat distinctive beak, but resem¬ 
blances in plumage and beak indicate relationship with the 
insectivorous forms 

The insectivorous tree-finches have diverged further, into the 
small C. parvulus and the large C. psittacula These two species 
differ only in size, and one presumably evolved from the other 
The evolution of the pronounced island forms of C. psittacula, 
and the occurrence of two similar species C. psittacula and 
C pauper together on Charles, is discussed later (pp. 126-8) 
Another insectivorous species, the woodpecker-finch C pallidus, 
IS very similar to the other species m song, plumage, feeding habits 
and beak, and obviously evolved from the same stock, but it has 
become more specialized for tree-climbing, wood-bormg, and 
probing into cracks. Finally, the mangrove-finch C, heliobates 
shows considerable resemblance in beak to C. pallidus and is 
presumably closely related to it Its darker plumage suggests 
that it may be more primitive than C pallidus , it is not known 
whether it possesses the latter’s specialized feedmg habits 

An offshoot in a different direction is the Cocos-finch Pinaro- 
loccias inornata This bird has a slender beak like that of the 
warbler-finch Ceithidea, but in plumage it shows marked 
affinities with the sharp-beaked ground-finch Geospiza difficilis, 
and particularly with the Culpepper and Wenman form, G. d. 
septentrionalis The males of Pmaroloxias and Geospiza d 
septentrionalis agree in having wholly black plumage save for 
rufous or buff under-tail coverts, and the females agree in having 
buff-tmged and much streaked underparts, a rufous wing-bar and 
an olive tinge to the upper parts. The marked specialization of 
its beak indicates that Pinaroloxias is an early offshoot from the 
geospizine stock, and the several resemblances m plumage to 
Geospiza difficilis are presumably primitive characters which it 
has retained 

Finally, the warbler-finch Certhidea olivacea is so distinctive 
that it obviously diverged from the main geospizine stock very 
early. That it is a long-established form is also suggested by its 
differentiation into well-marked island forms. It agrees with the 
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other species of Darwin’s finches m internal anatomy, in display 
and nesting habits, and in the possession (by some island forms) 
of a rufous wing-bar. Its song is more distinctive than that of 
other species, but shows similarities to that of the sharp-beaked 
ground-finch Geospiza difficilis on Tower. Cerihidea differs from 
Geospiza in having unstreaked underparts, but juveniles of the 
Charles form of Certkidea are heavily streaked, while streaking 
has been lost in some species of Camarhynchus. Certkidea is also 
peculiar in possessing an orange-tawny throat patch m the male, 
but this occurs sporadically m other forms (see p. 51). The freak 
variants ‘Camarhynchus conjunctus' and ‘C aureus’ (see p 98) 
are a further link between Certkidea and Camarhynchus, but they 
are perhaps hybrids, and their existence does not necessarily 
imply that Certkidea was derived from C. parvulus The most 
peculiar feature of Certkidea is its slender warbler-like beak, but 
one other species, namely the Cocos-finch Pinarolooeias, has a 
slender beak. This may be due to parallel evolution, but it also 
seems possible that Certkidea and Pinaroloxias were derived from 
a common stock, and that the further modifications in Cei thidea, 
particularly in plumage, appeared later 
The foregomg discussion may not be correct in every detail, 
but its purpose is to show the marked similarities between all of 
Darwm’s finches, and that the derivation of these birds from a 
common finch-like stock presents no particular difficulties The 
precise steps of this evolution cannot be known with certainty. 

SUCCESS 

Evolutionary moralists have been much concerned with the 
question of whether specialization pays. At first sight the most 
successful of Darwin’s finches would appear to be the warbler- 
finch Certkidea, as it is the only species to occur on every island, 
it has a wider habitat range than any other species, and nearly 
everywhere it is found in greater numbers than any other form. 
From this, it might be concluded that specialization is advantage¬ 
ous. But there are a number of difficulties. First, though 
Certkidea is the least finch-like of Darwin’s finches, and therefore 
in one sense the most specialized, if regarded as an insectivorous 
bird it IS rather generalized Further, its present success is probably 
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dm to tk paucity of tae kerican warblers in the Galapagos, 
and so is in a sense accidental, and perhaps only temporary, 
Finally, the comparison of Cdik with any one other species 
of Darwin’s finches may be unfair, If, as is possible, Wfa 
became split off from the ancestral stock before the genus Geo- 
spiza bad diverged into its present species, then it should more 
properly be compared with the whole genus Getspisi This leaves 
the advantage with Giaspm, as it is divided into five species, 
whereas there is only one species of Certta Such considera¬ 
tions make further pursuit of this subject unprofitable, and the 


part TWO: INTERPRETATION 


Chapter XII: THE ORIGIN OF THE 
GALAPAGOS FAUNA 


All the foregoing remarks on the inhabitants of oceanic islands—namely, the 
scarcity of kinds—^the richness in endemic forms m particular classes or sections 
of classes—the absence of whole groups, as of batrachians, and of terrestrial 
mammals notwithstanding the presence of aerial bats—the singular proportions 
of certain orders of plants—herbaceous forms having been developed into trees, 
etc —seem to me to accord better with the view of occasional means of transport 
having been largely efficient m the long course of time, than with the view of all 
our oceanic islands having been formerly connected by contmuous land with the 
nearest contment, for on this latter view the migration would probably have been 
more complete, and if modification be admitted, all the forms of life would have 
been more equally modified 

Charles Darw'in The Origin of Species, Ch xii 
ORIGIN OP THE ISLANDS 

There has been much speculative dispute as to whether the 
Galapagos were formed from volcanoes pushed up out of the sea, 
or alternatively whether they were once connected by land with 
the American continent No clue is provided by the rock of 
which the islands are made, as this is almost entirely volcanic, 
rather newer in type than that composing the Andes. In ad¬ 
dition, there are some raised beaches containing fossil molluscs 
of pleistocene and tertiary (probably pliocene) age (Dali and 
Oschner, 1928o). The presence of raised beaches shows that there 
has been some elevation of the land in the Galapagos from the 
time of the pliocene onward, but it is the period prior to this 
which IS chiefly of mterest m the present discussion. 

Previous to the publication of The Origin of Species, it seems 
to have been assumed that oceanic islands received their animal 
and plant life as a result of former land connection with one of 
the continents. But Darwin (1859), whose argument is sum¬ 
marized at the head of this chapter, concluded that the Galapagos 
and other oceanic islands arose from the sea, and that their 
ammal and plant life arrived later by occasional means. In this 
view he was followed by Wallace (1880) and, among recent 
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authors, by Swarth (1934). On the other hand, Baur (1891), 
Scharff (1912), Van Denburgh and Slevm (1913) and Beebe 
(1924) considered that the Galapagos animals could have reached 
the islands only by means of a former land connection with 
America, The latter view postulates a submergence of the inter¬ 
vening land or an elevation of the sea of some 2000 fathoms, a 
change of no mean magnitude, the possible mechanics of which 
are difficult to conceive. 

On the American mainland opposite the Galapagos there live 
several hundred species of passerine and near-passerine birds— 
the latter term being used to include the woodpeckers, cuckoos 
and a fcAv other groups ivhich are closely related to the passerine 
order. The Galapagos provide a variety of habitats suitable for 
such birds, including mangrove swamp, cactus semi-desert, 
humid forest and open uplands Yet the descendants of only six 
passerine forms and one species of euckoo live there. Similarly, 
despite the rich variety of American mammals, reptiles and 
amphibia, no amphibia, only two types of land mammals and 
five of land reptiles are established in the islands The land 
mammals consist of the rice-rat Nesoiysomys and the bat 
Lasiurus brachyotis, and the land reptiles include the giant 
tortoise Testudo, the land and marine iguanas Conolophus and 
Amblyrhynchus (which very probably evolved from one original 
colonist), a snake Dromicus, a lizard Tropidurus and a gecko 
Phyllodactylus (Van Denburgh, 1912-14) Likewise only an 
extremely restricted number of land insects and land molluscs 
are present in the islands (Gulick, 1932). There are also great 
gaps among the land plants, including a complete absence of 
conifers, palms, aroids and Liliaceae, while several important 
families of tropical American dicotyledonous plants are also 
absent or very poorly represented, such as the Lythraceae, 
Malastomaceae, Myrtaceae, Onagraceae, and Sapindaceae (Robin¬ 
son, 1902) 

Had there once been a land connection between the Galapagos 
and America, it seems inconceivable that so few land animals and 
plants should have availed themselves of it. But this paucity of 
colonists IS just what is to be expected if the only way for 
land organisms to reach the islands has been by crossing at least 
600 miles of uninterrupted ocean Moreover, the forms which 
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have arrived show an exceedingly varying degree of divergence 
from their mamland relatives, some being almost or quite 
indistinguishable and others extremely distinctive. Doubtless the 
various Galapagos animals have become modified at different 
rates, but the marked differences in the degree of their divergence 
strongly suggest that they have been isolated in the Galapagos 
for very varying periods of time—^which is to be expected if they 
have reached the islands only more or less accidentally by crossing 
the ocean. 

The exponents of the land-bridge hypothesis put forward two 
mam arguments. First, where an oceanic island has been colon¬ 
ized only by occasional means across the sea, many gaps are to 
be expected in the land flora and the land fauna, which will as 
a result appear ‘ disharmonic ’ when compared with a con¬ 
tinental habitat. From this point of view Baur (1891) rather 
surprisingly claimed that the land life of the Galapagos was 
harmonic, and therefore that it was part of a continental flora 
and fauna later cut off by the sea. But the harmonic appearance 
of the Galapagos land life is only superficial. For instance, the 
diversity of the land birds is due largely to the adaptive radiation 
withm the one group of Darwin’s finches, and most of the ordinary 
mainland types are absent. Agam, while much of the Galapagos 
IS covered with trees, the number of species is few for a tropical 
environment, and some of them are highly unusual. Members 
of the family Compositae rarely form trees, but the hehanthoid 
plant Scalesia is a dommant tree in the Galapagos humid forest. 
Likewise, on the American mamland the prickly pear Opuntia 
grows as low scrub, but in the Galapagos it is a tall tree. Herbi¬ 
vorous land mammals are absent from the Galapagos, but their 
place IS filled by giant tortoises and iguanas. There are few land 
molluscs, but one of these, Nesiotus, has produced a diversity of 
forms (Gulick, 1982). These cases show that the apparent 
‘harmony’ which Baur observed in the Galapagos is a secondary 
phenomenon. It is true that the chief ecological niches are filled, 
but many of them are filled by unusual types derived from 
comparatively few original forms, so that the arguments under 
this head really support the view that the islands are oceanic m 
origin. 

The only other important argument in favour of a former land 



110 THE ORIGIN OP THE GALAPAGOS FAUNA 

bridge is the difficulty of conceiving by what other means the 
reptiles, and particularly the giant tortoise and the iguanas, 
could have reached the islands. Van Denburgh and Beebe have 
particularly stressed this difficulty. However, Simpson (1943) 
has now shown that the ancestors of the Galapagos tortoise were 
present on the South American mainland as early as the miocene, 
which means that they must have arrived there during the early 
tertiary, when the continent was isolated by sea In the case 
both of its colonization of the Galapagos, and its earlier coloniza¬ 
tion of the South American continent, Simpson considers that 
the tortoise crossed over the sea, as it can float and survive for 
long periods in sea water Another group of giant land tortoises, 
of independent origin from those in the Galapagos, occurs on the 
Mascarene Islands in the Indian Ocean, islands which there is no 
other reason to think were formerly connected with a continent. 
It therefore seems probable that tortoises can occasionally cross 
the sea, though there is no direct evidence as to how they 
do so. The transport of small reptiles over the ocean is not 
so difficult to imagine, and some authorities consider that the 
large size of the Galapagos tortoise and iguanas was probably 
evolved after their arrival m the islands, Brobdmgnagians are 
essentially an insular creation However, H. W. Parker informs 
me that this conclusion cannot be considered certain, the fossil 
remams on the continents showing that there were also giants in 
the earth in those days. 

There is now a fair body of evidence in favour of supposing 
that small reptiles occasionally cross quite wide stretches of 
ocean. Thus Dr Mayr informs me that lizards have successfully 
colonized much of Polynesia, including New Caledonia and many 
other islands which, from every other point of view, seem 
typically oceanic and could not have been connected by land 
bridges. He also cites instances from remote islands m other 
parts of the world The way in which small reptiles cross the sea 
is still unknown, perhaps floating in the water, perhaps on floating 
vegetation, perhaps during hurricanes. Since reptiles have become 
established in the Galapagos only five or six times in hundreds of 
thousands and perhaps millions of years, it is evident that such 
transport over the sea is extremely rare, so it is scarcely sur¬ 
prising that no biologist has yet witnessed it. 
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The land reptiles and the rice-rats are found on most of the 
Galapagos islands This might suggest that the islands were once 
connected by land with each other but, though this is a simpler 
hypothesis than that of a former land bridge with America, it 
still postulates a change in sea-level of a thousand fathoms. It 
is therefore simpler to suppose that the reptiles crossed to each 
Galapagos island over the sea. If these animals could make the 
600-mile sea crossing from the American mainland, the 10-, 20- 
and 30-mile gaps between the individual Galapagos islands 
should not present an insuperable obstacle. That both the rep¬ 
tiles and the rice-rats are divided into well-marked island forms 
shows that even such comparatively short sea crossings have 
been made only rarely. 

While almost the whole of the Galapagos land fauna and flora 
IS of American origin, one of the land molluscs has travelled from 
considerably further Tornatellides chathamensis is the sole Gala¬ 
pagos representative of a group characteristic of Polynesia and 
absent from America This species probably came from islands 
at least 8000 miles to the west of the Galapagos (Gulick, 1982), 
and since it is the sole Polynesian element in the Galapagos land 
fauna, a land connection with Polynesia seems quite out of the 
question 


GALAPAGOS LAND BIRDS 

Wallace (1880) drew attention to the very varying degree of 
divergence shown by the Galapagps land birds, and suggested 
that this was correlated with their having been a varying length 
of time in the islands. The cuckoo Coccyzus melacoryyhus is 
identical with a South American species, so is probably a recent 
colonist. The warbler Dendroica petechia aureola is considered an 
endemic race, but it is extremely similar in appearance to the 
Ecuadorean form of the same species (Chapman, 1926). The 
martin Progne m modesta is also an endemic Galapagos sub¬ 
species of a mainland species. The Galapagos tyrant flycatcher 
Myiarchus magnirostris is sufficiently distinctive to rank as a 
separate species, but there are closely related species on the 
American continent. The Galapagos vermilion flycatcher Pyro- 
cephalus rubtnus is usually classified in the same spedies as a l^ird 
of the American mainland, but in another respect evolution has 
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proceeded further than in the case of Myiarchus, smee three 
island races have become differentiated within the Galapagos, 
one on Chatham, a less distinctive form on Indefatigable, and a 
third form found on many islands (Hellmayr, 1927; Swarth, 
1981). 

Evolution has proceeded considerably further in the Galapagos 
mockingbird, which has obvious affinities with the mainland 
genus Mimus, but is sufficiently distinctive to be placed in a 
separate genus Nesomimus. No island has more than one form, 
but the forms of this bird on Chatham, Hood and Charles are so 
different from each other that they are reckoned as separate 
species, while Swarth (1981) divides the fourth species into seven 
races, one on Barrington, the second on Indefatigable, Albe¬ 
marle and Narborough, the third on James and Bindloe, the 
fourth on Abingdon, the fifth on Tower, the sixth on Wenman 
and the seventh on Culpepper. The Galapagos mockingbird shows 
a greater subdivision into island forms than any other Gala¬ 
pagos bird. Photographs of the Hood and Indefatigable species 
are shown in Plate III (facing p. 17) and the differences between 
them are readily apparent, the Hood bird bemg greyer, less black 
and white, larger and with a longer and more decurved beak. 

Finally, the most advanced stage of differentiation is shown by 
Darwin’s finches, which are so distinctive that there is considerable 
doubt as to their nearest mainland relative, while not only are 
there many island forms, but on each island there are a number 
of species, up to ten, and even several distinct genera This is 
a great increase in complexity beyond the evolutionary stage 
reached by the Galapagos mockingbird, which has just one form 
on each island. Nevertheless, the view advocated here is that 
Darwin’s finches passed tlirough the successive stages shown by 
the other Galapagos land birds, and that they represent simply 
a much more advanced stage of the same process of differentia¬ 
tion. The steps by which this has come about form the subject- 
matter of the final chapters of this book. 

cocos LAND BIRDS 

One of Darwin’s finches, namely, the distmctive Pinaroloxtas 
inomata, occurs on Cocos, and this island has also been colonized 
by two other passerine birds and a cuckoo. The warbler Den- 
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droica petechia is represented by the same race as m the Gala¬ 
pagos, while the other two species are peculiar to Cocos, the 
cuckoo Coccyzits ferrugineus belonging to a mainland genus, and 
the tyrant flycatcher Nesotriccus townsendi being placed in a 
genus by itself 


ABSENCE OP POOD COMPETITORS 

That Darwin’s finches are so highly differentiated suggests that 
they colonized the Galapagos considerably ahead of the other 
land birds. Therefore for a period, perhaps a very long period, 
they were probably without food competitors of other species, 
while at the same time a variety of foods and habitats was 
available to them. Even at the present time there are few other 
passerine birds in the Galapagos, and these are predommantly 
insectivorous species, some of which may perhaps compete with 
the warbler-finch Cerihidea, and possibly with the insectivorous 
tree-finches, but they compete scarcely, if at all, with the other 
forms of Darwin’s finches. In particular, the later arrivals in¬ 
clude no seed-eating, cactus-feeding or wood-bormg birds 
The absence of other land birds has had a most important in¬ 
fluence on the evolution of Darwin’s finches, since it has allowed 
them to evolve in directions which otherwise would have been 
closed to them. Finches do not normally evolve into warbler- 
like or woodpecker-like forms on the continents, because efficient 
warblers and woodpeckers are already present there. Had a 
small American woodpecker been established m the Galapagos, 
it IS most unlikely that the woodpecker-finch Camarhynchus 
pallidus could have evolved, since it must, particularly in its early 
stages, have been far less efficient then a mainland woodpecker, 
and so would probably have gone under m competition with it. 
In the same way, had there been a mainland warbler on the 
islands, it is doubtful whether the warbler-finch Certhidea could 
ever have appeared. There is now an American warbler in the 
Galapagos, namely Dendroica petechia, but this is almost 
certainly a recent colonist and evidently arrived too late to 
prevent the evolution of Certhidea, which at the present stage 
of its evolution seems well able to hold its own Similarly, 
it IS highly doubtful whether Opuntia or Scalesia could have 
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evolved into tall trees if the Galapagos had been more adequately 
colonized by mainland trees. 

It should be added that, though largely freed from com¬ 
petition with land birds of other types, some of Darwin’s finches 
have come into competition with each other, and this, as con¬ 
sidered later, has had highly important evolutionary con¬ 
sequences. 


FREEDOM FROM ENEMIES 

After their long flight across the ocean, the ancestors of Darwin’s 
finches entered into a land of abundant foods and varied living 
quarters, unmarred by the presence of competitive neighbours. 
This avian paradise probably possessed another considerable 
amenity, namely, complete freedom from enemies. At the present 
time, Darwin’s finches are preyed on by the Galapagos short¬ 
eared owl and perhaps also by the Galapagos barn owl, but not, 
so far as known, by any other animals (see p 3-i). Before the 
time when the owls arrived, Darwin’s finches may well have had 
no enemies at all, and since both owls are closely related to main¬ 
land species, they are perhaps fairly recent colonists of the 
islands. 

The absence of predators probably means that Darwin’s 
finches have been limited m numbers primarily b}’’ their food 
supply. When this is the case, adaptations in feeding methods 
are likely to be of special importance in determining the survival 
of species, so that the absence of predators may well have 
accelerated the adaptive radiation of the finches Similarly, 
Worthington (1940) has correlated the adaptive radiation of 
cichlid fish in some of the East African lake.s with the absence 
of predators, in which view he has been supported by Huxley 
(1942), though Mayr (1942) has brought forward some relevant 
criticisms of ins evidence 

Another effect of the absence of predators is to permit evolu¬ 
tion in certain directions which would otherwise be impossible 
For example, the Galapagos possess a flightless cormorant 
Nannopterum hmussi Apart from the ratite birds such as 
ostriches and rheas, which have evolved speed in running, nearly 
all the world’s flightless birds occur on remote islands free from 
animals of prey—or rather, formerly occurred there, because 
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many of them have been exterminated in the last few hundred 
years by men, rats and other predators brought by ships. As 
already noted, the flight of Darwin’s finches is weak and clumsy, 
and the scarcity of natural enemies has also permitted the re¬ 
markable tameness of the finches, though this seems gradually 
to be disappearing now that they are learning the nature of man. 


Chapter XIII: THE ORIGIN OF SUBSPECIES 

How has It happened in the several [Galapagos] islands situated within sight of 
each other, having the same geological nature, the same height, climate, etc , that 
many of the Immigrants should have been differently modified, though only in a 
small degree This long appeared to me a great difficulty. but it arises m chief part 
from the deeply-seated error of considering the physical conditions of a country 
as the most important for its inhabitants, whereas it cannot be disputed that the 
nature of the other inhabitants with which each has to compete, is at least as 
important, and generally a far more important element of success .When in 
former times an immigrant settled on any one or more of the islands, or when it 
subsequently spread from one island to another, it would undoubtedly be exposed 
to different conditions of life m the different islands, for it would have to compete 
with different sets of organisms .If then it varied, natural selection would 
probably favour different varieties in the different islands 

Chables Darwin The Origin of Species, Ch xii 

DEGREE OP DIFFERENCE SHOWN BY ISLAND FORMS 

The recognition of geographical variation in animals, like the 
composition of the Star-spangled Banner, came as a by-product 
of the otherwise unfortunate war of 1812. When replenishing his 
food supplies with Galapagos tortoises. Captain Porter of the 
U.S. frigate Essex noticed that the specimens from different 
islands were diflerent m appearance. The point was again 
noticed by Mr Lawson, the vice-governor of the colony on Charles 
m 1885, whose name is remembered because he happened to 
mention the matter to the visiting naturalist of the Beagle. The 
collections then made by Darwin established the existence of 
distinctive island forms not only in the Galapagos tortoise, but 
also 111 the mockingbird Nesomtnms, m some of the plants such 
as Scalesia, and in some of the finches, though observations on 
the last group were obscured by his unfortunate mixing of 
specimens before he became aware of the peculiar state of affairs. 
Darwin’s realization that a species may be represented by 
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different forms in different regions was one of the most important 
results of the voyage of the Beagle, since it led directly to his 
questioning the immutability of species. 

The extent to which Darwin’s finches are divided into island 
forms differs considerably m different species. Thus in the vege¬ 
tarian tree-finch Camarhynchus crassirosins, the birds from 
different islands show few, if any, differences in either plumage, 
beak or size. Likewise, the three ground-finches Geospiza magm- 
rostris, G fortis and G. fuliginosa show no differences in plumage 
on different islands, but they differ fairly markedly in the average 
size of beak and wing. An opposite tendency is found in the 
warbler-finch Cerihtdea, m which the island forms differ markedly 
in colour of plumage, but less obviously in size of beak and wmg. 
Greater differences occur in the sharp-beaked ground-finch 
Geospiza difficihs, in which there are three clearly defined sub¬ 
species differing from each other m plumage, beak, wmg-length 
and ecological niche, while each of these races is in turn slightly 
different on the two islands on which it occurs. In the cactus 
ground-finch G. scandens, the James and Bindloe forms show 
differences as marked as those which separate some of the 
ground-finch species (compare the heads in Fig. 11 (iv), p 68 and 
Fig. 12 (i), p. 69). Finally, the large cactus ground-finch G coni- 
rostris differs so markedly from G. scandens that, though the two 
forms replace each other geographically, it is doubtful whether 
they represent pronounced geographical forms of the same origmal 
species, or whether they have originated separately, in either 
case, the differences between them are so great that the birds 
are classified as separate species. 

To sum up, the island forms of Darwin’s finches show every 
stage of differentiation, from differences that are barely per¬ 
ceptible to others that are as marked as those which separate 
i species These differences are primarily m the size and shape of 
the beak, the size of the body, and the general shade and the 
amount of streaking of the female plumage. It is in just these 
same characters that the individual specimens of one form show 
differences from each other, and the island populations have 
presumably diverged from each other by an accumulation and 
restriction of such individual differences It is now generally 
agreed that in animals the differences between geographical 
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races of the same species are hereditary, though in Darwin’s 
finches, as m most other birds, experimental proof of this state¬ 
ment IS as yet lacking. 

ADAPTIVE AND NON-ADAPTIVE DIFFERENCES 

Darwin accounted for the existence of distinctive island forms 
in the manner quoted at the head of this chapter As he pointed 
out, physical and climatic conditions are very similar on the 
various Galapagos islands, so that there is no reason to thmk 
that the differences between island forms are correlated with 
differences in the physical conditions to which they are sub¬ 
jected. On the other hand, Darwin’s postulate that differences 
in the nature of the competing species are important is abund¬ 
antly borne out by the data in the latter pait of Chapter vi. It 
was there shown that the small outlying Galapagos islands have 
a different complement of ground-finch species from the central 
islands, as a result some species occupy different ecological 
niches on different islands, m which ease the island forms show 
corresponding differences m the shape of the beak 
There are many other variations between island forms which 
cannot he related either to differences in the nature of the com¬ 
peting species or to any other differences m the conditions on 
different islands. This applies to some of the variations in the 
colour of the female plumage discussed in Chapter iv, to differ¬ 
ences in the proportion of fully plumaged males discussed m 
Chapter v, and to many of the differences m the size of beak and 
wing discussed m Chapter vn. Both the similarity of the island 
environments, and the absence of regular trends of variation 
m the finches, strongly suggest that many of the differences in¬ 
volved are without adaptive significance. As stated earlier, such 
a negative view is extremely difficult to establish with certainty 
There may well be some cases in which an adaptive correlation 
exists, but has so far been overlooked. But it is extremely un¬ 
likely that such a correlation is present but has been overlooked 
in all of the many cases involved. 

A similar problem is presented by the Galapagos reptiles. 
Many of the islands possess peculiar forms of the tortoise Testudo, 
the snake Dromicus, the lizard Tropidurus and the gecko Phyllo- 
dactylus The ecological niches occupied by these animals seem 
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closely similar on different islands, and it is extremely difficult 
to believe that the differences in appearance between the island 
forms are in all cases adaptive. The same applies to many of the 
differences between the island forms of the Galapagos mocking¬ 
bird Nesomimus, though, as already noted, the long beak of the 
Hood form is perhaps adaptive and correlated with its shore- 
feeding habits. 

Unfortunately, the only experimental test of the above views 
is impracticable, namely, to interchange every single mdividual 
of each of two island forms, leaving the two islands and their 
faunae otherwise unchanged, and then to observe the evolution 
of each form in the environment of the other over a period of a 
few hundred, or a few thousand, years. On the view adopted 
here, there would in many cases be no particular tendency for 
the transferred island form to evolve the distinctive characters 
of the previous occupant. But in the absence of such an experi¬ 
ment, this view remains unverified 

IMPORTANCE OP ISOLATION 

In continental birds, colour of plumage and average size of beak 
or wing often show a very gradual change (a dine) over an ex¬ 
tensive region, followed by an abrupt change over a narrow 
region. The regions of rapid change form convenient boundaries 
at which to delimit geographical races or subspecies, and the 
narrowness of such zones has been attributed to the fact that 
hybrids between populations are usually at a disadvantage com¬ 
pared with either parent form (Huxley, 1942). The zones of rapid 
change tend to occur where intermixing of populations is re¬ 
stricted by geographical obstacles, but they sometimes occur in 
the absence of the latter, while at the other extreme some con¬ 
tinental races are isolated by geographical barriers as completely 
as are island races. Many of the differences between continental 
races are undoubtedly adaptive, as mentioned for plumage in 
Chapter iv and for size in Chapter vii, but in other cases the 
differences seem as pointless as those which so often separate 
island races. 

Some might claim that all the differences between geographical 
races of birds are really adaptive; that if any seem pointless, this 
IS due merely to ignorance, and further study will reveal their 
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adaptive significance. But in this connection, a comparison 
between continental and island races of birds is highly illumin¬ 
ating. Over large land areas the environment shows gradual but 
marked changes, so that there is every reason to expect con¬ 
tinental races to differ from each other adaptively, and in fact 
they often do so. On the other hand, neighbouring islands often 
provide very similar environments, so that one might expect any 
adaptive differences between island races to be much smaller 
than those separating continental races. Despite this, island 
races differ from each other much more strikingly than do con¬ 
tinental races This principle is illustrated by almost every bird 
specie,s whose range includes both continental areas and islands, 
and the more isolated the island, the greater the degree of 
differentiation found among its land birds. The primary cause 
of geographical variation in birds would seem to be not adapta¬ 
tion, but isolation. This point is demon,strated for Darwin’s 
finches in Table XVII (overleaf) 

Table XVII and Fig. 22 show that the most isolated islands, 
namely. Cocos, Culpepper, Weuman, Tower and Hood, have a 
much higher proportion of peculiar forms than have the central 
Galapagos islands, while on moderately isolated islands, such as 
Abingdon, Bmdloe, Chatham and Charles, there is an inter¬ 
mediate condition, with proportionately fewer endemic forms 
than on the remote islands, but proportionately more than on 
the central islands Hence in Darwin’s finches there is a marked 
correlation between the degree of isolation and the tendency to 
produce peculiar forms. In some cases the peculiarities of the 
forms on the outlying islands are adaptive, being correlated with 
differences in ecological niche, while m other cases the differences 
seem unrelated to any possible environmental differences. 

The taxonomic review by Swarth (1931) shows that the same 
prmciple holds for other Galapagos land birds. For instance, the 
ground-dove Nesopelia galapagoensis, found throughout the 
archipelago, is represented by a distinctive race on remote Cul¬ 
pepper and Wenman. The mockingbird Nesomimus is most 
distinctive on Hood, Charles and Chatham. The latter islands are 
more isolated from the bird point of view than a map might 
suggest, since they lie to the south and south-east, in which 
direction bird dispersal is comparatively difficult as the trade 
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wind blows from this quarter. The vermilion flycatcher Pyro- 
cephalus is also most distinctive on Chatham 

Table XVII. Isolation and Endemism in Dabwin’s Finches 

Endemic subspecies 


Island 

Degree of 
Isolation 

No. of 
resident 
species 

not found on 
other islands 

, - « - , 

No o/o 

Cocos 

Very extreme 

1 

1 

100 

Culpepper and 

Extreme 

4 

8 

75 

Wenman 

Hood 

Marked 

8 

2 

67 

Tower 

Marked 

4 

2 

so 

Chatham 

Moderate 

7 

2i 

86 

Abingdon and 

Moderate 

0 

3 

33 

Bindloe 

Charles 

Moderate 

8 

2 

25 

Albemarle and 

Small 

10 

2 

20 

Narhorough 

Barrington 

Small 

7 

1 

14 

James 

Very slight 

10 

i 

5 

Jervis 

Very slight 

9 


0 

Indefatigable 

Very shght 

10 

— 

0 

Duncan 

Very shght 

9 

— 

0 


Notes (i) The number of endemic forms is somewhat arbitrary and is based on 
Table IV, p 20 If the classification by Swarth (1931) had been used, the same 
general correlation would have been apparent, but the percentage of endemic 
forms would have been higher 

(ii) The forms of Geospiza scandem were merged for purely practical reasons of 
nomenclature (see p 20), and for assessing insular differentiation the Abingdon and 
Bindloe birds may be reckoned as distinct, and those from James and Chatham as 
half-differentiated 

(ill) If Darwin's specimens of G magmrostns and G mbulosa came from Charles 
(see pp 22-3), then the figures for Charles should be 10 resident species, 4 endemic 
forms, or 40 per cent 

(iv) The degree of isolation is assessed from the map In three cases it was 
considered best to group a pair of islands together, as they are near each other 
but distant from all other islands 

Similarly, Murphy (1938 a) has correlated the degree of isola¬ 
tion and the degree of differentiation m the island forms of 
various Polynesian land birds, and has shown the important 
influence of the prevailing wind. Again, Perkins (1918) found 
that in Hawaii the most isolated islands had the most highly 
modified birds, and also the greatest number of peculiar insects. 
The same principle holds m other animals, particularly clear 
examples being given by Kramer and Mertens for the lizard 
Lacerta sicula on the Adriatic islands, by Kinsey for the gall wasp 
Cynips in North America, and by Remig for the bumblebee 
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Bombus m Europe. These latter cases are summarized by Huxley 
(1942) and Ma}^ (1942), who also give numerous other examples 
of geographical variation in animals, the differences being in 
some cases adaptive, and m others apparently not 
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Fig 22 Percentage of endemic forms of Darwin’s Bnches on each isUnd, 
showing effect of isolation 


It is at first sight curious that the bird populations of neigh¬ 
bouring islands could be sufficiently isolated from each other to 
permit the evolution of distinctive forms, since birds are one of 
the few groups of land animals capable of active dispersal from 
one island to another. Thus one of Darwin’s finches could often 
reach an island inhabited by a different form by means of 
an hour s continuous flight, and these birds seem sufficiently 
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strong on the wing to fly such a distance with ease. Mayr (1942) 
has produced an even more striking case in the white-eye 
Zosterops rendovae of the Solomons, in which one island form 
could fly into the region inhabited by another form m under five 
minutes. As Mayr points out, though birds are capable of flymg 
long distances, they tend to use their wings to stay in, or fly back 
to, their homes, for which reason bird populations are often more 
isolated from each other than might otherwise have been 
expected 

EVOLUTION OP NON-ADAPTIVE DIFFERENCES 

The evidence considered above shows the fundamental import¬ 
ance of isolation in the differentiation of bird populations, and 
suggests that many of the differences between the forms are not 
correlated ivith differences in their environments Writers on 
genetics have suggested several possible mechanisms for the 
origin of non-adaptive differences between populations. These 
views have been discussed in detail by Dobzhansky (1987), 
Huxley (1942) and others, so that only a brief summary is given 
here. 

First, Muller (1940) considers that if two populations are 
isolated, then through chance alone some of the mutations oc¬ 
curring 111 one population will be different from those occurring 
in the other. Such differences lead in turn to further balancing 
mutations, so that with time the two populations become in¬ 
creasingly divergent Except as noted m the next paragraph, a 
mutation must normally be advantageous in order to spread 
through a population, hence m one sense the differences which 
arise between the two populations are adaptive, but the point is 
that such new characters need not be related to possible differ¬ 
ences between the environments of the two forms, and they are 
evolved even if the two environments are identical. 

Secondly, Sewall Wright (1940) has shown that if an island 
population IS sufficiently small, of the order of several hundred 
individuals, then through accident alone slightly favourable 
mutations may become eliminated and slightly unfavourable 
mutations established. In this way two small isolated populations 
of a species may acquire genuinely non-adaptive differences. 

Thirdly, a mutation tends to have more than one effect. If a 
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mutation occurred which had a favourable effect, it would tend 
to spread through a population, though it might carry with it 
other effects which were neutral in their influence. 

Fourthly, one island population might differ from another 
because the island was originally colonized only by a very few 
individuals, and these happened not to be typical of the popula¬ 
tion from which they came. But, at least m birds, the importance 
of this factor has perhaps been exaggerated. As pointed out by 
Mayr (1942), bird species tend to have periods of expansion and 
rapid spread and other periods when they remain more or less 
static. Most colonization of new regions probably occurs in the 
periods of expansion, and at such times it seems likely that, if 
one individual can reach a new locality, quite a number of others 
will follow This applies particularly in such regions as the Gala¬ 
pagos, where the distances between islands are comparatively 
short, in most cases less than 50 miles. 

The way m which a bird species becomes established on new 
ground is being demonstrated at the present time by the coloni¬ 
zation of England by the black redstart Phoenicurus ochrurus 
The data of Witherby and Fitter (1942) show that this species 
has appeared independently in a number of widely separated 
localities, while its rate of increase seems greater than can be 
accounted for solely through the breeding of the existing English 
stock. Evidently there has been multiple colonization from the 
European continent, and further individuals are still continuing 
to arrive. It is therefore probable that the eventual English 
breeding population will be a typical sample of the stock from 
western Europe. 

Exact counts are not available for the size of the populations 
of any of Darwm’s finches, but rough estimates can be made 
from the known size of the islands, together with the density of 
the birds as assessed from field observations. A calculation of 
this nature suggests that on Daphne, which is only half a mile 
across, there can exist at one time only a few hundred individuals 
of the peculiar local form of Geospiza fortis, and the Crossman 
form of G. fuhgmosa is probably represented by a similar total. 
Likewise each of the distinctive races inhabiting the islands of 
Culpepper and Wenman probably consists of only a few hundred, 
or at most a few thousand, mdividuals at any one time, and the 
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same holds for the Tower form of G. conirostns. Mayr (1942) 
cites several other island birds with populations of under a 
thousand individuals. In such cases the existence of marked and 
non-adaptive differences between island forms might be ex¬ 
plained through Sewall Wright’s views on the accidental elimina¬ 
tion and fixation of hereditary factors in small populations 

But most other island forms of Darwin’s finches consist of 
larger populations than those cited above. On Tower the 
observed density of G. magniiostris, G difficihs and Certhidea 
suggests that there are several thousand individuals of each 
present there. The othei Galapagos islands are considerably 
larger, and here most forms probably run to tens of thousands, 
and others to hundreds of thousands, of individuals. Few 
estimates are available for the size of the populations of other 
birds, but the great majority of geographical races almost 
certainly include at least ten thousand individuals alive at any 
one time, and many include a much greater number. For in¬ 
stance, some of the endemic British song-birds probably include 
over a million individuals, and some of the continental races 
even more. 

Sewall Wright’s views on the accidental elimination and re¬ 
combination of hereditary characters are not applicable to 
populations consisting of more than a few hundred individuals 
Hence they cannot be invoked to explain the differences between 
geographical races of birds except m a small minority of cases. 
It might, of course, be contended that Darwin’s finches decrease 
periodically to numbers much smaller than those given above, 
but there is no evidence for this, and there are many other bird 
races whose populations almost certainly never fall as low as a 
thousand individuals. Perhaps the views of Muller, summarized 
earlier, are sufficient to account for the differences in appearance 
between these larger populations, but this subject requires much 
further study To conclude, the evidence from Darwin’s finches 
and other birds shows the great importance of geographical 
isolation in producing hereditary differences between popula¬ 
tions, but there is still considerable doubt as to the way in which 
they are actually brought about. 
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No clear line has as yet been drawn between species and sub-species . or, again, 
between sub-species and well-marked varieties, or between lessej varieties and 
individual diHtrences These differences blend into each other in an insensible 
senes, and a series impresses the mind with an actual passage 

CiiABLES Darwin: The Origin of Species, Ch n 

INCIPIENT SPECIES 

The various specimens of Darwm’s finches from any one island 
do not form a continuously graded senes from large to small, 
thick-billed to thin-billed, or dark to pale. Instead they fall into 
distinct segregated groups, each group having a characteristic 
appearance, while the individuals of any one group do not 
normally interbreed with the members of any other A similar 
state of affairs is found in the birds breeding in Britain, and for 
that matter in every other region of the world. The segregated 
groups are, of course, the units termed species, and their manner 
of origin has aroused discussion and controversy ever since the 
theory of evolution came to be accepted 

The apparent fixity of species is most striking, and provides 
the basis for systematic zoology. But with the full acceptance of 
the doctrine of evolution there has arisen a tendency among 
general biologists, though not among taxonomists, to under¬ 
estimate the definite nature of species, and a corresponding 
tendency to exaggerate the frequency of intermediate forms. 
Charles Darwin and many after him are partly wrong when they 
assert that the determination of species is purely arbitrary. 
Provided the ornithologist keeps within a limited district, he is 
usually in no doubt as to which birds should be regarded as 
separate species, and the same holds in many other groups of 
animals. Difficulty over intermediate forms arises mainly when 
the naturalist compares related forms of birds or other animals 
from different districts, but then the difficulty immediately 
becomes considerable, a fact which provides the essential clue 
to the way m which new species originate. 

Big evolutionary changes are normally achieved m a series of 
small steps, so that it is to be expected that the gaps between 
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species would come into existence gradually, in which case some 
of the intermediate stages ought to be visible. The elosely related 
species of Darwin’s finches differ from eaeh other in beak, in size 
of body, in the shade and amount of streaking of the female 
plumage, and in the amount of black m the male plumage. It is 
m just these characters that island forms of the same species 
differ from each other and, as discussed in the last chapter, such 
island forms show every stage of divergence from differences 
that are barely perceptible to differences as marked as those 
which separate some of the species. Moreover, this is the only 
kmd of incipient differentiation found among Darwin’s finches 
These facts strongly suggest that island forms are species in the 
making, and that new species have arisen when well-differenti¬ 
ated island forms have later met in the same region and kept 
distinct. 


CAMARHYNCHUS ON CHARLES 

An instance of such a manner of origin is provided by the two 
species of large insectivorous tree-finch, Camarhynchus psittacula 
and C. pauper, which occur together on Charles These are un¬ 
doubtedly two separate species, differing in size of beak, wmg- 
length and shade of plumage. The differences between them are 
small, but constant and reliable, and each collected specimen can 
safely be allocated to one or the other type 
If C psittacula (sens strict.) did not occur on Charles, all 
the large insectivorous tree-finches could be included in one 
species C psittacula, divided into four well-marked geographical 
races as follows: psittacula (sens strict.) on the central islands of 
James, Indefatigable and Barrmgton, habeli to the north on 
Abingdon and Bindloe, affinis to the west on Albemarle and 
Narborough, and pauper to the south on Charles, as shown in 
Fig 23. Of these four forms the Charles form pauper appears to 
be the most primitive, being much streaked and possessing the 
smallest and most finch-like beak. The Albemarle form affinis 
shows close resemblance to paupei both in plumage and beak, 
so links up with it The central island form psittacula (sens, 
strict) is less streaked, larger and with a more parrot-shaped 
beak, but Imks up with the Albemarle form through a population 
of intermediate type on the intervening island of Duncan. The 
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northern form habeli shows most resemblance to psittacula {sens, 
strict.) 




Fig 23 The terms ot Camarhynchus p'nttactila {sens lat). 

Showing the existence of two forms on Charles, the earlier form (C pauper) being 
related to the Albemarle form (ajinis), and the later form (psittacula, sens, strict ) 
coming from the central islands. The two have met, but do not mterbreed. 

(i) pauper (Charles) (ii) affims (Albemarle) (in) psittacula, sens strict , (James) 
(iv) kabeh (Bmdloe) 

Heads J natural size (after Swarth) 

This simple situation is complicated by the fact that Charles 
IS inhabited not only by the form pauper but also by the form 
psittacula (sens, strict.), the Charles individuals of the latter being 
indistinguishable from those found on the central islands So far 
as known these two forms do not mterbreed on Charles, and there 
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are no specimens intermediate between them in appearance The 
facts suggest that Charles has been colonized by the large in¬ 
sectivorous tree-finch on two separate occasions. Originally, the 
island was inhabited by the form 'pauper, or by a form which 
later turned mto pauper, while more recently it has been invaded 
from the north by the form psittacula {sens strict ), Formerly, 
pauper and psittacula {sens, strict.) were geographical races of the 
same species, but by the time that they met on Charles they had 
become so different that they did not interbreed, and so they 
have become separate species 

Similarly, if the Albemarle race affinis were now to colonize 
Abingdon, where the form habeli lives, the two are so distinctive 
that they might keep separate, in which case they also would 
have to be classified as separate species. But such an invasion 
has not yet occurred, so that it is more convenient to consider 
affims and haheli as races of the same species. 

SPECIES-FORMATION IN OTHER BIRDS 

Darwin’s finches provide no further cases m which the origin 
of a new species can be traced m this way. But during the last 
ten years many similar examples have come to light in other 
birds. These have been fully reviewed by Mayr (1942), so that 
detailed comment is scarcely necessary here. A close parallel 
with the case of Camarhynchus on Charles is provided by the two 
species of thornbill Acanthiza ewtngh and A pusilla in Tasmania. 
On the Australian mainland the species A. pusilla is divided into 
a number of well-defined geographical races, each occupying a 
particular region. But on Tasmania two related forms, both 
obviously derived from pusilla stock, occur together in the same 
region without interbreeding. They must therefore be reckoned 
as separate species, though they differ no more in appearance 
than do some of the mainland races of pusilla. Presumably the 
original Tasmanian form ewingii had become so distinctive that, 
when a second invasion of pusilla took place from Australia, the 
two forms kept separate 

Mayr gives a number of other examples in which a remote 
island IS mhabited by two closely related species, both evidently 
derived from the same mainland species, and which have pre¬ 
sumably originated as a result of two separate colonizations of 
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the island by the mainland form. More comparable with the 
situation in Darwin’s finches are several cases in which an island 
appears to have been colonized on two separate occasions from 
adjoining islands This, for instance, probably accounts for the 
existence of two related species of the finch Nesospim on the 
same islands in the Tristan da Cunha archipelago, for the two 
species of the flycatcher Mayrornis on Ongea Levu in the Fijis, 
for the two species of the fruit pigeon Ptihnopus in the Mar¬ 
quesas, and other cases 

There are also a number of comparable examples among con¬ 
tinental birds. For instance, the herring gull Larus argentatus 
and the lesser black-backed gull Larus fuscus both breed in 
Britain, and they do not usually interbreed. But if they had not 
thus met in western Europe, they might have been classified as 
geographical races of the same species, as they are linked by a 
series of geographical forms extending across Europe, Asia and 
North America By the time that this species had spread right 
round the world, the two end-forms had evidently become 
sufficiently different not to interbreed where they met. A 
similar situation is presented by the two species of great tit Parus 
major and P. minor These species occur together in the Amur 
valley, where they keep distinct, but each is linked by a chain of 
geographical races with the same great-tit stock Mayr gives 
other examples. 

PREVENTION OF INTERBREEDING 

J 

In birds generally, as in Darwin’s finches, geographical forms 
show every stage of divergence, from differences which are 
barely perceptible to differences as marked as those which separ¬ 
ate full species. From the evidence which has now accumulated, 
it IS clear that the commonest method of species-formation in 
birds is through the meeting m the same region of two geo¬ 
graphical forms which have become so different that they keep 
separate The fundamental problem in the origin of species is not 
the origin of differences in appearance, since these arise at the 
level of the geographical race, but the origin of genetic segre¬ 
gation The test of species-formation is whether, when two forms 
meet, they interbreed and merge, or whether they keep distinct. 

As discussed in the last chapter, when two populations of the 
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same form are isolated from each other, differences gradually 
arise between them. Muller (1940) considers further that such 
differences inevitably lead to some degree of sterility between the 
individuals of the two populations. If this view is correct, there 
should sometimes be partial sterility between geographical races 
of the same species, and this has now been established in the case 
of a number of msects, as summarized by Mayr (1942) Similar 
evidence is not yet available m birds, as they are rather unsuitable 
for quantitative breeding experiments 

If the members of two well-differentiated races meet later in 
the same region, and if they are partially intersterile, or if their 
hybrid offspring are at a disadvantage, then those individuals 
which breed with members of their own kind tend to leave more 
offspring than those winch inteibreed with individuals of the 
other race. Hence even if genetieal segregation between two 
races is not complete when they first meet, natuial selection 
will tend to deepen the gap between them. Indeed, it has 
even been claimed that, owing to the disadvantages possessed 
by hybrids, selection will initiate mtersterility between forms 
which meet m this way. However, the latter view is not certain. 

The above considerations show that any factors which pre¬ 
vent the interbreeding of forms have survival value, hence the 
frequency with which specific recognition maiks have been 
evolved m birds, as discussed in Chapter v. Darwin’s finches are 
unusual in that the beak is used as a recognition mark, but as this 
IS the most prominent racial and specific difference, it is not 
surprising that the birds should have evolved behaviour re¬ 
sponses relating to it 

Barriers to interbreedmg might also be provided by differences 
in breedmg season or habitat But the various species of Darwin’s 
finches breed at the same season and most of them are not 
separated in habitat, so that these factors have little or no im¬ 
portance The latter conclusion applies to birds generally Most 
related species found in the same region breed at the same season, 
and though they commonly occupy different habitats, the degree 
of isolation thus provided is usually quite inadequate to ensure 
genetic isolation. In other birds, as in Darwin’s finches, the 
primary factors which prevent attempts at interbreedmg are 
psychological ones correlated with breeding behaviour. 
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Darwin’s statement quoted at the head of this chapter suggests 
that in animals every gradation exists between mere varieties 
and full species. Later knowledge has shown that, at least in 
birds, this statement is somewhat misleading. There is only one 
kind of variety, if such it should be called, which grades in¬ 
sensibly with the full species, namely the geographical race. In 
birds there is no other type of variety which can reasonably be 
termed a subspecies, indeed, the terms subspecies and geo¬ 
graphical race have become synonymous. This strongly suggests 
that in birds the only regular method of species'formation is 
via races differentiated m geogi'aphical isolation. However, 
it has sometimes been claimed that, to produce the variety of 
species found m Darwin’s finches, some quite peculiar method 
of evolution must have been involved Even Rensch (1933), who 
was the first to advocate species-formation from geographical 
races as a widespread principle, was greatly puzzled by Darwm’s 
finches, and considered that for them some different process 
must have operated. 

The frequency with which closely related bird species occupy 
different habitats suggests that an alternative method of species- 
formation IS by ecological, mstead of geographical, isolation. 
Since a bird tends to breed in the same type of habitat as that 
in which it was raised, it might have been expected that, 
where a species breeds in a variety of habitats, it would tend to 
become subdivided into populations each with a rather different 
habitat preference, and that with time this might result m the 
formation of new species. This is a plausible view and has been 
put forward by a number of writers, formerly mcludmg myself 
(1988). But there are two msuperable objections. First, the 
degree of isolation provided by differences m habitat is not 
usually at all complete, and the bird species which occupy 
separate habitats usually have numerous border zones where 
they come m contact with other species. To produce well- 
differentiated forms, complete isolation seems essential. Secondly, 
no cases are known m birds of incipient species m process of 
differentiation in adjoinmg habitats. All subspecies are isolated 
from each other geographically and, though they occasionally 
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differ in habitat as well, geographical isolation is the essential 
factor These points are treated in further detail by Mayr (1942). 
Finally, the frequent existence of habitat differences between 
closely related bird species has a quite different explanation, 
consideration of which is postponed to the next chapter 

Another alternative has been suggested by Lowe (1930, 1936), 
who supposes that Darwin’s finches represent the varied products 
of interbreeding between a small number of original forms, as 
has happened in certain ‘species-swarms’ in plants. The reasons 
for rejecting this view have been discussed in Chapter x. There 
IS no evidence that hybridization has been of importance in 
species-formation in any group of birds. 

Streseman (1936) is the only previous writer to suggest that 
species-formation has followed the same course in Darwin’s 
finches as in other birds, i.e, that forms differentiated m geo¬ 
graphical isolation have later met and kept distinct With this 
conclusion, I fully agree There is only one apparent case, in 
the large insectivorous tree-finches Camarhynchus psittacula and 
C. pauper on Charles. But such cases will rarely be apparent, 
since once a form has become firmly established in the range of 
another it will tend to spread rapidly right through that range, 
so that its place and means of origm quickly become obscured. 
The only type of incipient differentiation found in Darwin’s 
finches is that shown by geographical races, and there is nothing 
to suggest that geographical isolation is not the essential pre¬ 
liminary to species-formation in this group The existence of an 
unusually large number of similar species may be attributed 
first to the great length of time for which the finches have been 
in the Galapagos, secondly to the paucity of other land birds, 
and thirdly to the unusually favourable conditions provided by 
a group of oceanic islands, both for differentiation in temporary 
geographical isolation, and also for the subsequent meeting of 
forms after differentiation 

The primary importance of the geographical factor is strongly 
corroborated by the situation on Cocos Island Here there occurs 
one, and only one, species of Darwin’s finch, Pinaroloxias in- 
ornata. That it has been on Cocos a long time is suggested by the 
extent to which it differs from all the other species of Darwin’s 
finches Yet despite the length of time for which it has been 
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there, despite the variety of foods and habitats which Cocos 
provides, and despite the almost complete absence of both food 
competitors and enemies, there is still only one species of 
Darwin’s finch on Cocos But Cocos is a single island, not an 
archipelago, and so provides no opportunity for the differentia¬ 
tion of forms in geographical isolation 

species-formation in other organisms 

That geographical isolation can lead to the origin of new species 
in groups other than birds is shown by examples given by Mayr 
(1942) and Huxley (1942) for mammals, reptiles, amphibia, 
inoUiiscs and several groups of insects. Populations of organisms 
such as insects or land molluscs are sometimes isolated from each 
other in a much smaller space than are bird populations It 
might therefore be better to replace the term geographical isola¬ 
tion by topographical isolation when considering animals 
generally. 

The extent to which ecological isolation can lead to the 
formation of new species m other animals is still in doubt (Mayr, 
1942, Huxley, 1942, modified in 1943). If an insect occurred on 
several types of food plant, or if a parasite had several host 
species, it seems possible that populations might become isolated, 
each restricted to a particular food plant or host species, thus 
allowing subspecific and eventually specific differentiation to 
take place But this is not proven and, except in these rather 
special circumstances, it seems doubtful whether ecological 
differences without topographical isolation can provide a 
sufficient degree of segregation between populations. There are 
many groups of animals and plants in which the closely related 
species differ m their ecology, but it does not necessarily follow 
that ecological isolation preceded the formation of the species 
in question, as W'lll become clear in the next chapter. 

In certain types of plants big changes in the chromosomes can 
produce sterility between individuals, and it is possible that such 
changes can lead to the effective isolation of groups within the 
species, and so to the formation of new species Such purely genetic 
isolation may also have been important m a few animal groups 
but, as Huxley (1942) points out, in most animals purely genetic 
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isolation becomes important only secondarily, after initial differ¬ 
entiation in topographical isolation. A different type of genetic 
isolation is found in the few plants and the much smaller number 
of animals which reproduce only by asexual means, and such 
forms are often highly differentiated 

To conclude, m all organisms the isolation of populations is 
an essential preliminary to the origin of new species. In birds, 
geographical isolation is of primary importance, and isolation 
by genetic factors arises secondarily; ecological isolation is not 
known to initiate species-formation. Possibly these conclusions 
apply to many other groups of animals and also to plants, but 
definite conclusions cannot be reached until the systematics of 
other organisms is known as well as that of birds, and, in par¬ 
ticular, the systematics of the subspeeific units which are species 
m the making. 


Chapter XV. THE PERSISTENCE OF SPECIES 

If a vanety were to flourish it might come to supplant and exterminate the 
parent species, or both might oo-exist, and both rank as independent species 

Charles Darwin ■ The Origin of Specie's, Ch n 

WHEN SPECIES MEET 

Closely related species of animals often differ from each other 
only in small and apparently trmal ways. After a careful survey 
of the evidence at that time available, Robson and Richards 
(1936) concluded that the differences between such species are 
not usually adaptive, and that adaptive differences tend to 
appear only at the level of divergence represented by the genus 
or subgenus This view has been widely accepted, and, if true, 
constitutes one of the most puzzling features of the species 
problem But further consideration has led me to realize that 
the absence of adaptive differences is only apparent, and that 
in fact closely related species differ from each other in ways 
which play an extremely important part in determining their 
survival 

When two forms, originally geographical races of the same 
species, meet later m the same region and keep distinct, thus 
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forming separate species, there is raised not only an important 
genetical problem, the prevention of interbreeding, but an even 
more important ecological problem, since the two forms will 
tend to compete against each other The chance is negligible that, 
after their differentiation m isolation, both forms should be 
equally efficient m every respect, so that the following possi¬ 
bilities exist 

First, one of the two forms may be so much better adapted 
than the other that it spreads rapidly right through the range 
of the other and exterminates it This seems the most likely 
possibility, but will rarely be observed as it leaves no trace 

Secondly, one form may be better adapted than the other in 
the region where they meet but, aftei it has eliminated the less 
successful form from part of its range, it may come to a region 
where the environment is better suited to the other form. In 
this case the two species will come to occupy separate but 
adjoining geographical regions Smee environmental factors 
tend to change gradually, there may be a region where both 
forms are about equally well adapted, and here their ranges 
will overlap 

Thirdly, one form may prove better adapted to one section 
of the original habitat, and the other to the rest In this case each 
will tend to spread through the geographical range of the other, 
each eliminatmg the other from part of its original habitat, so 
that they come to occupy separate but adjacent habitats m the 
same regions 

Fourthly, one form may prove better adapted for obtaining 
certain foods, the other for taking other foods In this case, if 
their numbers are limited primarily by food supply, the two 
species may be able to co-exist in the same habitat, dividing the 
available foods. The evidence discussed m Chapter vi suggests 
that in such cases the foods taken by the two species need be only 
partly and not wholly different, and that a difference in food 
habits is commonly associated with a marked difference m size, 
including size of beak 

Particularly in migratory birds, the above possibilities may 
be modified by the seasonal factor Two species need not be 
isolated from each other in the same way at all seasons, for in¬ 
stance, they might occupy different habitats m the same region 
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when breeding, but a similar habitat in separate regions m winter. 
Further, if mutual competition would seriously affect their 
numbers at only one time of year, for instance, in the breeding 
season, they might be able to mix freely at other seasons without 
effectively competing. Another but less likely possibility is that 
two species might inhabit the same place, but breed at different 
times of year. It is also possible for two species to be isolated m 
different ways in different parts of their range, in one part 
separated in habitat and elsewhere geographically 
Dr G. C. Varley has pointed out to me that the above 
possibilities apply primarily to animals whieh are limited by 
food supply In the case of species whose numbers are controlled 
by parasites or predators, the population density may be greatly 
below the limit set by food, so that two species could live in 
the same habitat and eat the same foods without effectively 
competing. This type of situation seems much more likely to be 
important in animals such as insects than in birds. 


ECOLOGICAL ISOLATION IN DARWIN’S FINCHES 

Darwin’s finches provide considerable support for the correctness 
of the above views, since all the closely related species appear to 
be isolated from each other in one way or another This is shown 
in the foUowmg summary, which is based on the data given 
previously in Chapters ii, iii and vi. The sharp-beaked ground- 
finch Geospiza difficihs is of particular interest, as on the central 
islands it differs from the small ground-finch G fuhginosa m 
habitat, while on the northern islands it is separated from it 
geographically 
Geogbaphical Separation 2 cases 

(i) The cactus ground-flnch G scandens occurs on most islands, but not on Hood, 
Tower or Culpepper The larjjc cactus ground-finch G convrostns occurs only on 
these three latter islands 

(n) The small ground-finch G fuhginosa inhabits the and zone of most islands, 
but IS absent from Culpepper, Weninan and Tower Only on these three latter 
islands does the sharp-beaked ground-finch G difficihs occupy the and zone 

Separation by Habitat 2 cases 

(i) On the central islands G difficihs breeds only in the humid forest, and G fuli- 
ginosa only in the and and transitional zones (See also preceding section.) 

(ii) On Albemarle and Narborough, the mangrove-finch Camarhynchus heliobates 
breeds only in the coastal mangrove belt and the woodpecker-finch C, palhdus 
inland (These two species are in the same subgenus ) 
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Sepmiatidn by Feeding Habits 2 cases 

(i) The cactus ground-finch Geoipiza scandens breeds in the same habitat with 
the other ground-finches, G magniTostris, G fartis and G fuhginosa, but its chief 
food IS Opuntia, which they do not normally eat 

(ii) The vegetarian tree-hnch CamaThynehus crassirosins feeds chiefly on leaves, 
fruits andbuds, whereas the other species otCamaThynchus are mainly insectivorous 

Separation by Size of Beak, and Phesumably by Pood . 4 cases 

(i, u) The large ground-finch Geospiza magmrosins, the medium G foriis and 
the small G, fuhginosa occupy the same habitat but differ markedly in size of beak, 
their foods are partly different. 

(ill, iv) A similar situation is presented by the insectivorous tree-finches, the 
large Camarhynchus psittacula and the small C parculus, with a third species of 
medium size, C pauper, on Charles The foods of these species have not been 
analysed 


ECOLOGICAL ISOLATION IN OTHER BIRDS 

A parallel survey of British passerine birds (Lack, 194.4 a) shows 
that in these birds, as in Darwin’s finches, closely related species 
are normally isolated from each other ecologically. In some 
cases they breed in separate geographical regions, like the carrion 
and hooded crows Corvus corone and C. cornix. In other cases 
they occupy separate breeding habitats, like the meadow, tree 
and rock pipits, Anthus pratensis, A trivialis and A. spinoletta 
petrosus. In yet other cases two species breed together in the 
same habitat, but under these circumstances they normally 
take different foods. Thus the spotted and pied flycatchers 
Muscicapa striata and M hypoleuca have rather different methods 
of catching their food, the chiffchaff and willow warbler Phyllo- 
scopus collybita and P trochilus tend to feed at different levels 
m the woods, the former higher than the latter, and the com and 
yellow buntings Emberiza calandia and E. citnnella differ con¬ 
spicuously m size and in size of beak, and by inference m their 
foods. In some of these cases the birds may be separated in a 
different way m winter For instance, the tree and meadow 
pipits then occupy separate geographical regions, and the same 
applies to the chiffchaff and willow warbler. 

A quick walk through the Enghsh countryside might suggest 
that there was wide ecological overlap between the various song¬ 
birds. In fact, close analysis shows that there are extremely few 
^ses m which two species with similar feeding habits are found 
in the same habitat. One apparent example is provided by the 
blackcap and garden warbler Sylvia atncapilla and S. borm, both 
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of which breed in woods with good secondary growth. Possibly 
this and the few other cases of apparent ecological overlap are 
due merely to inadequate observation 

Parallel with the survey of British birds, a review was made 
of those instances in which two closely related passenne species 
occur together on the same remote island (Lack, 19440). In 
these cases also, the two species normally have different ecology. 
Instances m which they differ markedly in size and in size of beak 
were mentioned m Chapter vi, and two of these cases, that of the 
white-eye Zosterops on Lord Howe Island and the finch Nesospiza 
on Nightingale Island, Tristan da Cunha, are shown m Fig. 24, 

Further examples from remote islands need not be considered 
here, except for an instructive case involving separation by 
habitat In the Canary Islands occur two species of chaffinch, 
the blue chaffinch Fringilla teydea and a local form of the Euro¬ 
pean chaffinch F. coelehs. Mayr (1942) follows Stresemann in 
presuming that F. teydea was originally a geographical form of 
F coelebs which became so distinctive that, when the Canary 
Islands were invaded by the Euiopean chaffinch for the second 
time, the two kept separate and so formed distinct species. On 
the European mainland F. coelebs is widespread in both broad¬ 
leaved and coniferous woodland But in Gran Canaria and 
Tenerife the blue chaffinch F. teydea breeds only in pine forest, 
while the local form of F. coelebs breeds only in the chestnut and 
laurel forest below the pine belt and in the tree-heath zone above 
it. On the island of Palma the blue chaffinch is absent, and here, 
unlike other islands, the local form of F. coelehs breeds not only 
m chestnut and laurel forest but also m pine forest (Bannerman, 
unpublished). Presumably, when the two chaffinch species met 
in the Canaries, the blue chaffinch proved better adapted to the 
pine forest and the newer form to broad-leaved woodland and 
tree-heath, with the result that they divided the original chaffinch 
habitat between them Only where one of the forms is absent, 
as on Palma, can the other persist in all types of woodland, 
like its European ancestor 

Cases of ecological isolation through differences in food, 
habitat or geographical region are common in birds. Isolation 
through a difference in breeding season is much rarer. No in¬ 
stances are found in Darwin’s finches or in British birds, but a 
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few are known in sea birds For example, two species of terns 
breed on Kerguelen Island, Steina viigata m October and No¬ 
vember, while in January and February the same nesting grounds 
are taken over by Stei na vittata. These two species also differ m 
food, the former feeding on spiders and insects on the inland 
marshes, the latter being exclusively marine (Murphy, 19386). 

These cases, with many others given elsewhere (Lack, 1944a), 
piovide strong support for the contention by Gause (1934) that 
two animal species with the same ecology cannot live in the same 
region The reason now becomes clear why closely related 
passerine birds so often frequent different habitats This is 
primarily a result of competition between them The rarity of 
habitat differences between species in Darwin’s finches is because, 
m these birds, ecological divergence has mainly taken the form 
of differences in food habits, in which case the species are not 
forced to occupy separate habitats, but can exist side by side. 

ECOLOGICAL ISOLATION IN OTHER ANIMALS 

Birds are not, of course, the only animals in which closely related 
species either differ in ecology or mutually compete. As men¬ 
tioned earlier (p 28), the European bank vole Clethnonomys 
glareolus has largely replaced the related species C. nageri where 
the two came in contact, except at higher altitudes and m the 
north, where C, nageri proves more efficient Barrett-Hamilton 
and Hinton (1913-14) state that these two species were 
originally geographical forms of the same species Similarly, in 
Scotland the mountain hare Lepus timidus occupies the high 
ground and the common hare L. europaeus the low giound 
Fossil evidence shows that a form of the mountain hare was at 
one time widespread on low ground m Britain However, it 
became extinct in most regions after the arrival of the common 
hare. But Ireland was cut off from the rest of Britain before the 
common hare could get there, and the Irish form of the mountain 
hare occupies not only the high giound but also the low ground, 
suggesting that the absence of the mountain hare from the low 
ground of Scotland and England is due to competition with the 
common hare. Barrett-Hamilton and Hinton (1913-14) give 
another parallel instance of competition and replacement in the 
British field voles Microtus coinen, M hirtus and M agrestis 



ECOLOGICAL ISOLATION IN OTHER ANIMALS 141 

In mammals, unlike birds, fossil remains are sometimes available 
to show that extinction has taken place. 

Mammals also provide good examples of species which live 
in the same habitat but differ m feeding habits For instance, 
four species of seals frequent the Ross Sea in the Antarctic. 
According to Wilson (1907), the crabeater seal Lobodon carcino- 
phagus feeds exclusively on euphausnd crustaceans, the Weddell 
seal Leptonychotes weddelh mainly on fish, the leopard seal 
Stenorhinchus leptonyx mainly on penguins and seals, also on 
carrion, fish and cephalopods, and the Ross seal Ommatophoca 
rossi (of which few specimens are available) mainly on cephalopods. 
Instances are also found where two closely related species live 
in the same habitat and differ markedly in size, and by inference 
in food. Cases m Britain are the common and pygmy shrews 
Sorex araneus and S. minuius, and the stoat and weasel Musiela 
erminevs and M. mvahs (Huxley, 1942) Hence aU the chief 
types of ecological isolation found in birds are also found in 
closely related species of mammals 

Turning to a very different type of animal, in Europe the flat- 
worms Planaria monienegnna and P gonocephala occupy different 
parts of the same streams, the former species occurring in waters 
below a temperature of 13-14° C,, and the latter m waters above 
this temperature. The habitat limitation of each species is not 
a direct effect of temperature, but is determined by competition 
between them, since in streams where one of them is totally 
absent, the other has a wider temperature range. Similar com¬ 
petitive relations hold between two other species of flatworms, 
namely Planaria alpina and Polycelis cornuta, m this case the 
rate of flow of the water being the critical factor (Beauchamp 
and Ullyott, 1932). In these flatworms, as in birds, habitat 
differences are the result of inter-specific competition, and the 
habitat limits of each species are determined by differences in 
adaptive efficiency in regard to particular environmental factors. 

The exclusion of one species by a related species has been 
shown experimentally by Mayne and Young (1938), who found 
that the blood of a man can normally support only one species 
of malarial parasite at one time. If two species, for instance, 
Plasmodium malaiiae and P. vivax, are injected together, only 
one of them normally persists. A similar result was found by 
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Cause (1934), m the laboratory cultures of micro-organisms 
which he used to demonstrate his origmal thesis that two species 
with similar ecology cannot live together. The same author cites 
the gradual replacement of the crayfish Potamobius astams by 
the related species P. leptodactylus in many Russian waters 
during recent years. 

There are many groups of mseets m which the closely related 
species are restricted to different food plants Numerous ex¬ 
amples could be cited from British insects, and Perkms (1918) 
was particularly impressed with this point in his study of the 
endemic cerambycid beetles and homopterous bugs of the 
Hawaiian Islands. However, there are also many instances m 
which closely related insect species occur on the same food plant; 
as suggested earlier (p. 136), this is understandable in cases where 
the populations are controlled primarily by parasites or predators 

To follow the problem of ecological isolation further would 
require a book in itself. Huxley (1942, pp. 265-84) may be re¬ 
ferred to for many additional examples drawn from a great 
diversity of both animals and plants. These were cited to support 
his view that ecological isolation is a cause of species-formation 
(see, however, Huxley, 1943), but they are equally explicable 
through competition between species. There may well be other 
groups m which the competitive relations between species are 
more intricate than in birds, and the subject requires intensive 
study in all types of organisms Particular attention might be 
directed to those cases in which two related species appear to 
live together in the same region without effectively competing. 

ADAPTIVE DIFFERENCES BETWEEN SPECIES 

To return to birds, it is clear from the foregoing discussion that, 
though adaptive differences between species may not be obvious, 
they must exist. There is no other way of accounting for the 
ecological isolation of each species. The nature of the adaptive 
differences presumably depends on the mortality factors which 
determine whether one or another species is to survive in a 
particular place. If food supply is limiting, then adaptations for 
feedmg may be paramount, as in Darwm’s finches. If predators 
are particularly important, then adaptive differences may con¬ 
cern means of escape, such as speed of flight or protective colora- 
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tion If many of the birds are killed by a climatic factor, then a 
migratory habit, or resistance to cold, or to drought, may assist 
in determining which species will persist in a particular region. 

In a few cases, closely related bird species are known to differ 
adaptively. Thus when two species share the same habitat but 
differ in food, they often differ markedly m size of beak, as dis¬ 
cussed in Chapter vi An mstance of an adaptive difference 
between species which occupy separate geographical regions is 
provided by the two Atlantic species of guillemot or murre 
Brunnich’s guillemot Una lomvia is more northerly and also 
larger than the common guillemot U. aalge, a correlation which 
is in agreement with Bergmann’s rule (see p 79) An adaptive 
difference correla;ted with a difference m habitat is provided by 
the British pipits, the tree pipit Anthus trivialis havmg, like 
other tree-frequentmg birds, a hind claw which is short as 
compared with that of the meadow pipit A. pratensis 

That adaptive differences are not known m a much larger 
number of cases is probably due simply to inadequate study. 
For example, it is not known what differences between the 
ground-finches Geospiza fuhgtnosa and G difficilis make for the 
success of the former in the and zone and the latter in the humid 
forest on the central Galapagos islands But the distribution of 
these birds is explicable only on the view that such adaptive 
differences exist Likewise adaptive differences must exist 
between the two species of chaffinch in the Canary Islands, 
though in this case also, the nature of the differences is not 
obvious. 

Where, as in the above instances, two bird species occupy 
separate habitats, there is no reason to think that competition 
between them is direct, meanmg that one forcibly drives the 
other out. Even the most territorial birds attack members of 
other species only sporadically and ineffectively. A partial 
exception is provided by the severe competition for nestmg 
sites often found between hole-nesting species, but this is a 
special case, and is not comparable with driving another species 
from an entire habitat. Probably the habitat differences between 
two species are normally brought about gradually by natural 
selection. Individuals of the one species survive better in those 
places where the other is at a comparative disadvantage, and 
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vice versa, so that gradually each evolves a specific habitat 
preference. 

In plants, as in birds, closely related species often occupy 
different habitats, and there is often a similar degree of difficulty 
in detecting adaptive differences between the species. But in 
plants the existence, though not the nature, of such differences 
IS readily proved, for if one species is transplanted to the natural 
habitat of the other, it is usually elimmated. A parallel experi¬ 
ment under natural conditions is impracticable with birds, for 
on release they simply fly back to their natural homes. 

While Robson and Richards (1936) seem mistaken in supposing 
that closely related species do not differ adaptively, they are 
correct to the extent that adaptive differences have not, in most 
cases, been described, and that the characters used by systemat- 
ists to distinguish related species usually seem to be without 
adaptive significance. To the latter a prominent exception is 
provided by the specific recognition marks of many birds, also 
by the marked size differences often found between related 
species living in the same habitat But many other specific 
differences seem very trivial, both in birds and other animals. 
That all such differences will eventually prove to be adaptive 
seems unlikely, but considerable further study is required before 
a conclusion can safely be reached on this point. 

PRE-ADAPTATION 

On Lord Howe Island, as already mentioned, occurred two species 
of white-eye, differing m size of beak and to some extent in food, 
and apparently derived from separate invasions of the island by 
the same Australian species Zosterops lateralis (see Fig 24; also 
Mathews, 1928; Stresemann, 1931; Hindwood, 1940, Lack, 
1914a). Presumably the earlier form had already become so 
large that, when the second arrived, the two did not compete 
sufficiently for one to eliminate the other The size difference 
may well have been intensified later by natural selection, but 
some difference must have been present when they first met. In 
the same way the earlier form of chaffinch in the Canary Islands 
must have been better adapted to the pine zone, and the later 
arrival to the broad-leaved zone, before the period at which the 
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later form colonized. Otherwise one would presumably have 
eliminated the other completely. 

There is nothing difficult in the idea of such pre-adaptation. 
Though in many cases geographical races of the same species 
have similar ecology and are of similar size, cases in which they 
have diverged in these respects are not difficult to find For 
instance, races which differ prominently m size of beak are not 
uncommon m insular birds, and Darwin’s finches provide several 
examples, such as the three races of the sharp-beaked ground- 
finch Geospiza difficilis and those of the large cactus ground-finch 
G. comrostris, discussed in Chapter vi. An example from a 
continental area is the crossbill Loxia curvirostra (p. 80). The 
ground-finch G. difficilis also provides an example of a racial 
difference in habitat, this, together with other cases in both 
insular and continental birds, being discussed in Chapter iii 
(pp. 26-30). It IS presumably only such highly differentiated 
forms which are capable of surviving together should they meet 
in the same region. 

Ecological differences between races of the same species 
seem relatively more frequent on remote islands than on con¬ 
tinents Probably this is because on the continents the chief 
ecological niches are already filled, and each species is kept to a 
restricted mehe by the presence of other species. Such other 
species are likely to be present over wide regions, so that there 
is comparatively little opportunity for the continental races of 
a species to vary m their ecology. But owing to the difficulties 
of colonization, comparatively few species are present on remote 
islands. In particular there were perhaps no other land birds in 
the Galapagos when Darwin’s finches first arrived. Under these 
circumstances, there are unusually great possibilities of ecological 
divergence between island forms of the same species. As a result, 
when two such forms meet later in the same region, there is an 
unusually good chance that they will be sufficiently different 
ecologically for both to persist This is a highly important reason, 
additional to those considered m the last chapter, for the large 
number of species into which Darwin’s finches have diverged 

To conclude, this and the previous chapter are summarized 
by saymg that, when forms differentiated m geographical isola¬ 
tion meet later m the same region, two conditions are necessary 
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if the forms are to persist as separate species. First, they must 
be sufficiently different genetically not to interbreed freely, and 
secondly, they must be sufficiently different in their ecology to 
avoid serious competition with each other. 


Chapter XVI- ADAPTIVE RADIATION 

Natural selection will always act according to the nature of the places which are 
either unoccupied or not perfectly occupied by other beings, and this will depend 
on infinitely complex relations But as a general rule, the more diversified in 
structure the descendants from any one species can be rendered, the more places 
they will he enabled to seize on, and the mote their modified progeny will he 
increased. Charles Darwin The Origin of Species, Ch in 

SPECIES-FORMATION AND ADAPTIVE EVOLUTION 

Many of the differences between the subgenera and geneia of 
Darwin’s finches are undoubtedly adaptive. This applies par¬ 
ticularly to their beaks, as described in Chapter vi, but also to 
numerous other characters and habits. Thus the ground-finches 
hop about the ground, the insectivorous tree-finches are agile 
and tit-like among the branches, the woodpecker-finch climbs 
vertical trunks and inserts a cactus spine into crevices, the Cocos- 
finch and the cactus ground-finch have bifid tongues, and Cer- 
thidea has the quick flitting movements of a warbler Like a 
warbler, too, Certhidea repeatedly flicks the wings partly open 
when hopping about the bushes The reason for this habit is not 
known, but it is found in no other of Darwin’s finches, and its 
parallel evolution in Certhidea and in the true warblers pre¬ 
sumably means that it has some significance in the lives of these 
birds. 

Darwin’s finches provide an example of an adaptive radiation, 
with seed-eaters, fruit-eaters, cactus-feeders, wood-borers and 
eaters of small insects. Some feed on the ground, others in the 
trees Originally finch-hke, they have become like tits, like 
woodpeckers and like warblers There are, of course, gaps, for 
instance, none have taken to open country, none have become 
birds of prey, and none are aquatic But the considerable simi¬ 
larity between all the species m regard to breeding habits, plum¬ 
age and internal structure implies that their divergence has been 
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comparatively recent and rapid Though scarcely m the same 
class with the astounding radiation of the Australian pouched 
mammals, Darwin’s finches are sufficiently impressive. 

Adaptive evolution, as now generally agreed, is brought about 
by the action of natural selection on random mutations. Those 
mutations which happen to be favourable spread through the 
population, and are repeatedly modified by further mutations, 
thus gradually building up the finely adapted structures and 
behaviour patterns which make up each living organism. This 
process is long-term and accumulative. At first sight it has 
nothing to do with the origin of new species, which is essentially 
the formation of gaps between populations For this reason, and 
influenced by the apparent absence of adaptive differences 
between closely related species, some recent writers have 
claimed that the origin of species and long-term adaptive evolu¬ 
tion are independent processes, and that the former has no im¬ 
portant influence on the latter. This view I believe to be mistaken. 

The point is illustrated by the sharp-beaked ground-finch 
Geospiza difficths in the Galapagos. Probably m former times 
tins bird bred in both the and and the humid forest of the 
central islands, but it has since been driven from all except the 
humid zone by a newer species, the small ground-finch G fuhgi- 
nosa (see p. 28 ) Hence on the central islands G difficilis can 
now become increasingly specialized for life in the humid forest. 
But this would not have been possible for it so long as it also 
bred in the and zone, and is therefore a direct result of the 
appearance of the newer species G. fuhgmosa 

Similar considerations apply wherever two species, originally 
geographical races of the same species, have become established 
in the same region In most cases adaptive or ecological differ¬ 
ences probably arose between the two forms during their period 
of geographical isolation before they met, but their meeting 
must almost inevitably have resulted in further restriction of 
their foods or habitats, and so must have tended to accelerate 
their adaptive specialization For instance, the blue chaffinch 
of the Canary Islands probably occurred formerly in both pine 
and broad-leaved forest, but since the arrival of the second 
chaffinch species it has been confined to pine forest, after which, 
but not before, it could become specialized for the latter habitat. 
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Likewise the earlier and large-beaked species of the white-eye 
Zosterops on Lord Howe Island probably had a more varied diet 
before the arrival of the second and smaller species The meeting 
of these two species in the same area may be expected to have 
led to a restriction of their diets, and thereafter to an increase in 
the size-difference between them. 

The origin of new species, so far from being irrelevant, is 
therefore an active agent in promoting specialization, and in 
particular it is an essential precursor to an adaptive radiation, 
I consider that the adaptive radiation of Darwin’s finches can 
have come about only through the repeated differentiation of 
geographical forms, which later met and became established in 
the same region, that this in turn led to subdivision of the food 
supply and habitats, and then to an incieased restriction m ecology 
and specialization in structure of each form. On Cocos, where 
conditions are unsuitable for species-formation, there has likewise 
been no adaptive radiation among the land birds. 

Various investigators have sought to explain the evolution of 
Darwin’s finches through unusual genetic factors, such as an 
excessive inherent variability or frequent hybridization But it 
is the persistence, rather than the origin, of new types which 
chiefly requires explanation, and in my opinion the peculiarities 
of the finches are primarily due to an unusual combination of 
geographical and ecological factors. The chief geographical 
factor has been the existence of a number of islands, which has 
provided favourable opportumties for the differentiation of 
forms in isolation and their subsequent meeting. The chief 
ecological factor has been the scarcity of other passerine birds, 
which has permitted an unusually great degree of ecological 
divergence between forms, and thus has allowed an unusually 
large number of related species to persist alongside each other 
without competition Divergence may have been accelerated by 
the scarcity of predators (see p. 114), but this would seem, at 
most, very subsidiary 

NATURE OP THE GENUS IN SONG-BIRDS 

The genus is essentially an artificial unit for the convenient 
cataloguing of similar species. However, in continental passerine 
birds, systemists have tended to attach particular importance to 
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morphological divergence, including beakdifferences, as a criterion 
for generic separation On the continents, closely related passerine 
species do not usually differ greatly from each other in beak or 
other morphological characters Hence the use of morphological 
characters for separating genera has tended to give a convenient 
number of species m each genus, and so has proved useful in 
practice. 

On oceanic islands, a greater proportion of closely related 
passerine species differ prommently from each other in beak than 
is the case on the continents. This is not because beak differences 
are more frequent among insular than continental land birds— 
the reverse is usually the case—but because on oceanic islands 
the species which differ in beak are often very similar in other 
respects, and so tend to be placed in the same genus, whereas 
on the continents they are usually distinctive in other ways 
as well, and so tend to be placed in separate genera. 
Thus in Britain the small-beaked goldfinch, the medium¬ 
sized greenfinch, and the large-beaked hawfinch are related 
species livmg in similar habitats but eating mainly different 
foods. They therefore provide a close ecological parallel with the 
small, medium and large ground-finches of the Galapagos, But 
whereas the latter species differ in little except beak and are 
placed m the same genus Geospiza, the three British finches differ 
also in plumage, nesting habits and various other ways, and are 
placed in separate genera, Caidwlis, Chloris and Coccothraustes 
respectively 



(i) ( 11 ) (in) 

Fig 25 Heads of (i) hawfinch, (u) greenfinch and (in) goldfinch 
f natural size {afler ten Kate) 


In applying generic names to oceanic land birds, the taxonom¬ 
ist IS often m somewhat of a dilemma Related species frequently 
differ so much in beak that, were they mainland birds, they would 
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unhesitatingly be placed in different genera. But in other re¬ 
spects, including plumage, they are often very similar, indicating 
close relationship If every island land bird that differs 
markedly in beak is placed in a separate genus, many of the re¬ 
sulting genera contain only a single species, which not only 
multiplies names excessively, but obscures the close relationship 
of forms that differ m little except beak The difficulty dis¬ 
cussed in Chapter ii regarding the number of genera of Darwin’s 
finches is not merely a question of terminology, but reflects the 
fact that on oceanic islands the land birds are at an earlier stage 
of evolution than on the continents. On the continents the 
divergence into finches, warblers, tits and woodpeckers obviously 
took place m a much more distant past than the corresponding 
divergence among Darwin’s finches in the Galapagos 

BIRDS ON OTHER OCEANIC ISLANDS 

An adaptive radiation like that of Darwin’s finches is rarely 
found on other oceanic islands For reasons already considered 
it was not to be expected on solitary islands, however remote 
Such islands often have a smgle highly peculiar species, but 
in no case is there a group of related birds. The greatest 
number known is on Norfolk Island, 800 miles from Australia, 
where there are three species of white-eye Zosterops, differing 
conspicuously in size and in size of beak (Mathews, 1928; Strese- 
mann, 1931). But these species have almost certainly evolved 
as a result of three separate colonizations of Norfolk Island from 
outside, either from the Australian mainland or from Lord Howe 
Island There is no reason to think that they became differenti¬ 
ated on Norfolk Island itself, which has an area of less than 
20 square miles 

It IS more surprising that no parallel with Darwin’s finches is 
found on most oceanic archipelagos For example, the Azores 
are volcanic islands and further from a continent than are the 
Galapagos. But their song-bird inhabitants differ only sub- 
specifically from those of Europe, and no endemic form has given 
rise to an adaptive radiation. The Azores have been colonized 
by a larger number of passerine birds than have the Galapagos, 
which suggests that they are more accessible. This is corroborated 
by the frequent records of European song-birds passing through 
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the Azores on migration, whereas only two species of mainland 
passerines have been recorded on migration m the Galapagos, 
the American barn swallow Hvrundo erythrogaster and the bobo¬ 
link Dolichonyx oryzivorus (Swarth, 1931). This may be corre¬ 
lated with the fact that the Azores are m an area of winds, 
whereas the Galapagos are in a region of calms. Though in the 
Galapagos the south-east trade wind blows for part of the year, 
it does not blow from the South American mainland but forms 
at sea, away from the land. 

The land organisms of remote islands seem less efficient than 
continental types, perhaps because, owing to the greater number 
of both individuals and species on the continents, competition 
IS more severe there. When a remote island receives new 
bird colonists from a mainland area, they often eliminate the 
original inhabitants. This is being demonstrated in New Zealand 
at the present time, where artificially introduced European birds 
are spreading rapidly at the expense of the native species. 
Similarly, Usinger (1941) reports that m the Hawaiian Islands 
many of the peculiar endemic msects are being eliminated by 
introduced continental types This suggests that even if the 
Azores were at one time so isolated that an endemic group com¬ 
parable with Darwin’s finches evolved there, such peculiar forms 
would probably have been eliminated later, with the arrival of 
the newer and more efficient species which now frequent the 
islands That the latter birds aie only recent arrivals from the 
mainland is shown by the slight extent to which they differ from 
European forms. 

Similar considerations probably account for the absence of 
local adaptive radiations among the land birds of the Canary 
Islands, the Cape Verde Islands, the Revilla Gigedos, and other 
archipelagos off Europe, Africa and America Even the Poly¬ 
nesian archipelagos provide no parallel with Darwin’s finches. 
They possess a variety of land birds, but these are derived from 
the lands to the west or from adjoining archipelagos. No Poly¬ 
nesian bird has diverged into a group of species within one 
archipelago, presumably because invasions of new and more 
efficient species from outside have occurred at too frequent 
intervals. Though the distances between some of the Polynesian 
archipelagos are considerable, all are in a region of winds. 
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There are m the world only two archipelagos whose land birds 
show an adaptive radiation comparable with that of Darwin’s 
finches. The three islands of the Tristan da Cunha group he m 
the Atlantic some 2000 miles from South America and nearly as 
far from Africa Aided by strong westerly winds, two South 
American passerine birds have colonized the islands, a thrush 
Nesocichla and a finch Nesospiza. The thrush is a smgle species 
and need not be considered further. But the finch has evolved 
into two species, one large and large-beaked, the other small and 
small-beaked, as shown m Fig 24 (p 139) Both species occur 
together on Nightingale Island, where Hagen (1940) found that 
they differ in food and habitat. The smaller species is divided 
into three island races, differing m size of beak, but the Tristan 
form has become extinct Two hundred miles away from Tristan 
lies Gough Island, and here occurs a related finch Rowettia {Neso¬ 
spiza) goughensis, rather similar to Nesospiza ui appearance but 
with a more elongated beak. This bird may have evolved from 
Nesospiza stock, though Lowe considers that it was independ¬ 
ently derived from South America (Clarke, 1905; Lowe, 1928). 

As Lowe points out, Tristan da Cunha is Galapagos in minia¬ 
ture At the other extreme are the astonishing Drepanididae, the 
sicklebiUs of Hawaii. The Hawaiian Islands are as remote in the 
Pacific as is Tristan da Cunha in the Atlantic, and only five 
passerine forms have succeeded in reaching them. Of these, the 
crow belongs to the mainland genus Corvus The flycatcher 
Chasiempsis is placed in a distinct genus, and there is one form 
on each island. The thrush Phaeornis is also peculiar to Hawaii, 
there is one form on each island, while on Kauai occur two species 
which differ m size The fourth colonist, a honeyeater, has di¬ 
verged into two distinct genera, Chaetoptila and Moho. Finally, 
the fifth colonist, the sicklebill, has produced a multitude of 
forms far more diverse than Darwin’s finches 

The aneestor of the sicklebills is considered to have been a 
finch, but it has given rise to some strikingly unfinchlike forms. 
A modern study of these birds has not been undertaken, but 
Rothschild (1893-1900) and Perkins (1903) divide them into as 
many as eighteen genera, some of whieh would probably be 
merged on modern standards In most cases the genera are re¬ 
presented by distinctive island forms, formerly classified as 
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separate species, while in Chlorodrepanis, also in Rhodocanthis, 
two related species differing prominently m size are found on the 
same island Some genera feed on both nectar and insects, some 
mainly on nectar, and others mainly on insects, Others eat fruit, 
others seeds, one feeds mainly on a native bean and on caterpillars, 
and another on nuts. Some of the associated modifications in 
beak are shown in Fig 26. The most remarkable is in Heterorhynchus, 
This bird climbs trunks and branches like a woodpecker, and feeds 
on longicorn beetle larvae in the wood. It taps with its short 
lower mandible, and probes out the insects with its long decurved 
upper mandible This method may be compared first with that 
of a true woodpecker, which excavates with its beak and probes 
with its long tongue; secondly with that of the Galapagos wood¬ 
pecker-finch Cama>‘hynchu,9 paUidus, which trenches with its beak 
and probes with a cactus spine, and thirdly with that of the ex¬ 
tinct New Zealand huia Heterolocha acutirostris, in which the male 
excavated with its shoit beak, the female probed with its long 
decurved beak, the pair to some extent co-operating (Buller, 1888), 

OTHER ORGANISMS ON ISLANDS 

It IS Significant that the regions which have given rise to adaptive 
radiations among birds have produced a similar multiplicity of 
related species m various other land organisms. The most striking 
case in the Galapagos is that of the land mollusc Nesiotus,Vfh.ic\i 
has evolved into fifty-three species, or sixty-six geographical 
races (Dali and Oschner, 19286; Gulick, 1932). A much smaller 
radiation has occurred in the iguanas, of which the two Galapagos 
geneia probably evolved within the archipelago from one original 
colonist. The land iguana Conolophus lives on land and feeds 
primarily on cactus, while the marme iguana Amblyt hynchus 
lives on the shore and feeds primarily on marme green algae. 
Both iguana.s show some differentiation into island forms 

In the other Galapagos reptiles, evolution has proceeded only 
to the stage of differentiation into well-marked geographical 
forms. The giant tortoise Testudo is divided into as many as 
fifteen geographical forms, five of which occur on separate parts 
of Albemarle, and theie are seven or eight island forms of the 
lizard Tiopiduius, the gecko Phyllodactylus and the snake 
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Dromicus^ (Van Denburgh, 1912-14 j Van Denburgh and Slevin, 
1913) 





Fig 27 Extraction of insects from wood by birds 


(i) European green woodpecker Ptcus mrtdts excavates with beak, probes with 
long tongue 

(ii) Hawaiian Ilelerorhynchus taps with short lower mandible, probes with long 
upper mandible (Head after Keulemanns ) 

(ill) Galapagos woodpecker-flnch Camarkytwhus palhdm trenches with beak, 
probes with cactus spine 

(iv) New Zealand huia Helerolocha aailirostns {a) male excavated with short 
beak, (b) female probed with long beak (Heads after Keulemanns ) 

Note Various other trunk-feeding birds either excavate only or probe only, 
but they do not do both 

Heads drawn } natural size 


Well-marked island forms, from four to nine m number, are 
also found in the Galapagos ants Camponotus macilentus and 

^ Actually two species of the snake Dromicus are found on Indefatigable and 
Jervis. Van Denburgh considers that these did not evolve from each other within 
the Galapagos, but colonized the islands independently from South America 
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C planus (Wheeler, 1919), and m the four grasshoppers Halmenus, 
Liparoscelis, Sehistocerca and Sphingonotus (McNeill, 1901; 
Snodgrass, 19026; Hebard, 1920). It is curious that no Galapagos 
insect IS recorded as having produced an adaptive radiation, 
"With a multiplicity of species living on each island. Such radia¬ 
tions are common on other oceanic islands, so further collecting 
may possibly reveal their existence m the Galapagos 

One of the Galapagos plants has produced a radiation, the 
endemic helianthoid genus Scalesia having evolved into a group 
of trees and bushes consisting of six mam species, each of which 
IS 111 turn divided into a number of geographical forms (Howell, 
1941) Groups of up to about a dozen endemic Galapagos species 
are also found in the shrubs and bushes of the genera Telanthera 
(Amarantaceae), Acalypha and Euphorbia (Euphorbiaceae), 
Cordia (Boraginaceae) and a few others These genera are not 
endemic to the Galapagos, and botanists do not state whether 
the various species are the result of independent colonization 
from outside regions, or whether, as in Scalesia, a group of 
species has evolved within the archipelago from one origmal 
form. Some of the species are divided into island forms, a 
good example being Euphorbia viminea, with eight geographical 
forms (Robinson, 1902; Stewart, 1911) 

In other groups of land organisms, as in birds, the most 
remarkable radiations are those which have occurred in the 
Hawaiian Islands The most remarkable of all is that of the 
achatinelhd land molluscs, of which there are nearly five hundred 
known forms, all apparently descended from one original form 
on the islands (Usmger, 1941). 

The many striking radiations among Hawaiian insects have 
been described by Perkins (1913). They include three endemic 
subfamilies and four other genera of Coleoptera, five endemic 
genera of Lepidoptera, and from one to three endemic genera of 
Orthoptcra, Odonata, Hemiptera, Neuroptera and Hymenoptera. 
Each of these groups presumably evolved from one oiiginal 
species, though each now contams at least thirty species, while 
in the Proterhinus weevils, the Anchomenmi ground-beetles and 
the Hyposmochoma moths, there are well over a hundred related 
species in each group. These are the figures given by Perkins, and 
since he wrote, the number of known forms has been considerably 
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increased In numerous cases an insect is represented by a 
different form on different islands, while when closely related 
species are found on the same island, they often occur on different 
food plants. Perkins concluded that geographical isolation has been 
the factor of primary importance in the origin of the insect species 

Radiations have also occurred among Hawaiian plants Thus 
according to Gulick (1932), there are 146 species and varieties 
of Hawaiian lobelias, these having evolved from an extremely 
small number of original colonists The survey by Hillebrand 
(1888) shows that there are several other genera of trees and 
shrubs endemic to Hawaii and represented in the islands to-day 
by between ten and thirty species, presumably as a result of local 
evolution within the archipelago 

In Polynesia, as already mentioned, no local radiations are 
found among the land birds, but they occur in some cases in the 
trees, insects and land molluscs (Buxton, 1938; Crampton, 
quoted by Huxley, 1942, etc.). In general, the insects, land 
molluscs and land plants have produced more local radiations 
on remote islands than have the land birds. It is of special in¬ 
terest to find such radiations on the solitary island of St Helena, 
which is in the Atlantic 1200 miles from West Africa and remote 
from all other islands. Wollaston (1877) described as many as 
ninety-one species of weevils endemic to St Helena, and five of 
the endemic genera have each given rise to between ten and 
fourteen species, presumably as a result of local evolution on 
St Helena. One endemic genus of land molluscs has also diverged 
into about a dozen species (Smith, 1892), and there seems to 
have been a small radiation among trees of the family Compositae 
(Melliss, 1875). 

No smgle island, however remote, has given rise to an adaptive 
radiation of land birds. This is probably because an essential 
step in the formation of new bird species is the isolation of geo¬ 
graphical forms. For the latter, a smgle small island does not 
suffice, and either an extensive land area or a number of small 
islands is required That the msects and land moUuscs have 
produced radiations on a solitary island, such as St Helena, 
suggests that populations of these organisms can be isolated 
topographically in a much smaller space than bird populations. 
This is corroborated by the work of Crampton, Gulick and others, 
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who have shown that in some of the Hawaiian and Polynesian 
land molluscs, each steep valley may have its own subspecies 

The comparative ease with which insects and land molluscs 
are isolated means that m these groups new species tend to arise 
more quickly than they do m birds This is presumably one reason 
why in Hawaii and elsewhere the radiations among insects and 
land molluscs are more extensive than those of birds. But 
another, and probably more important, reason is that a much 
greater number of ecological niches are available for insects and 
land molluscs than for land birds. It is not only the origin, but 
also the persistence, of new species which requires explanation. 

That on oceanic islands radiations have occurred not only 
among the land birds, but also among the insects, land molluscs 
and land plants, suggests that the evolutionary factors involved 
in these other groups are fundamentally the same as they are in 
Darwin’s finches. This is one of the chief reasons why I hope this 
book may have been worth writing. 

L’ENVOI 

The drawers of the Rothschild collection contain more repre¬ 
sentatives of some of the Hawaiian sicklebills than are alive in 
the islands to-day These remarkable birds could not survive the 
changes in the vegetation and animal life caused by the civiliza¬ 
tion of the white man. The finches on Tristan and the indigenous 
white-eyes on Lord Howe have also gone. Much the same has 
happened or is happening on all other oceanic islands, and indeed 
everywhere in the world Through earelessness or for commercial 
profit, we are allowing the natural cover and adornment of the 
earth to disappear. 

By a fortunate chance Fray Tomas de Berlanga had to allay 
his thirst by chewing cactus, and neither he, nor the crew of the 
Bachelo)s’ Delight, nor others for more than a century longer, 
seem to have appreciated that human settlement might be 
possible in the Galapagos As a result, permanent occupation 
was delayed until well on into the nineteenth century. Then, of 
course, havoc followed fast, but as yet few of the small land birds 
have been affected, so that by a miracle Darwin’s finches have 
survived into our own time. 
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Among continental birds the main adaptive radiation took 
place too far back for its origins to be at all clear. On the other 
hand, the situation on most oceanic islands is too simplified to 
throw light on the mam processes of evolution, though the 
Zosterops on Norfolk and Lord Howe and the Nesospiza on 
Tristan de Cunha provide valuable pointers. But the evolution¬ 
ary stage shown by Darwin’s finches is both sufficiently ad¬ 
vanced to provide a parallel with the more mature evolution of 
the continents, and sufficiently early for links to remain which 
reveal the underlying processes. 

It may be supposed that the ancestral finch first became 
differentiated mto various forms in geographical isolation on 
different islands After a sufficiently long period of isolation, 
some of these forms had become so different that, when by 
chance they met on the same island, either they were already 
intersterile, or hybrids between them were at a selective dis¬ 
advantage so that mtersterihty was evolved. Thus new species 
ongmated. But when they met, such new species must have 
tended to compete with each other; both could persist together 
only if they had diverged sufficiently for each to prove better 
adapted to one part of the original food supply or habitat, which 
was then divided between them After such restriction m ecology, 
each became increasingly specialized. Each then spread to other 
islands, so that it became differentiated into new geographical 
forms, some of which in their turn later met on the same island 
and kept distinct, thus giving rise to further new species, and 
resulting in further ecological restriction and structural speciali¬ 
zation. In this way there gradually appeared the adaptive 
radiation whose end-forms are alive to-day. 

The evolutionary picture presented by Darwin’s finches is 
unusual in some of its details, but fundamentally it is typical of 
that which I believe to have taken place in other birds, while 
many of the same general principles probably apply to other 
groups of animals and to plants. Darwin’s finches form a little 
world of their own, not, however, a peculiar world, but one which 
intimately reflects the world as a whole, so that with these birds, 
as Darwin wrote, we are brought somewhat nearer than usual 
‘to that great fact—that mystery of mysteries—the first appear¬ 
ance of new beings on this earth ’ 



SUMMARY 

Part I Description 

I A brief and depressing description is given of the Galapagos 
islands, their vegetation and their human history, including the 
main ornithological visits. 

II. The principles adopted in naming birds are discussed, with 
some peculiar difficulties found in Darwin’s finches Tables are 
given of the genera, species and races (subspecies) of Darwin’s 
finches and their distributions on the various islands Each 
Galapagos island supports between three and ten species and 
there are fourteen species in all, one of which lives on Cocos 
Some mter-island wandering has been recorded. Two of the 
forms collected by Darwin have since become extinct. 

III. In two instances, two related species occupy separate but 
adjacent habitats, in one case clearly due to interspecific com¬ 
petition. The factors limiting habitat distribution are discussed 
generally. Most of Darwin’s finches are not isolated from each 
other either in habitat, nesting site or breeding season, and they 
freely use each others’ nests when displaying. The birds have 
scarcely any natural enemies and are extremely tame 

IV The females of all the species are dully coloured. Small 
differences in plumage are found both between some of the 
species and between some of the races of the same species Some 
of these differences seem adaptive, but others appear to be without 
adaptive significance 

V. The display of all the species is the same, and their songs 
are also very similar. In some species the fully plumaged male 
IS wholly black, in others partly black, and in others without 
black, but in the first two cases many individual males breed 
without black or m an incompletely black condition. There is a 
general tendency for the land birds of remote islands to lose dis¬ 
tinctive male plumage, probably because they have normally 
got away from all similar species, so that the need for specific 
recognition marks disappears The ancestral Darwin’s finch has 
subsequently diverged into a group of species, which recognize 
each other primarily by beak differences. 

VI. The marked beak differences between the subgenera of 
Darwm’s finches are correlated with marked differences in their 
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diets and feeding methods. On the other hand, closely related 
species have similar feeding methods; they differ markedly in 
the size of their beaks, which is attributed to their taking foods 
of the same general nature but of different size. On outlying 
Galapagos islands a species sometimes occupies an unusual food 
niche, or takes foods which on the central islands are divided 
between two species, and in these cases the beak of the island 
form is correspondingly modified. 

VII In many cases there are average differences in size of 
beak and in wing-length between island forms of the same species. 
Some of these differences are adaptive, others seem without 
adaptive significance. In some cases island forms differ m 
average size, though occupying the same ecological niche on 
islands only a few miles apart, 

VIII Three species of Geospiza differ from each other solely 
in absolute size and in proportions, and the extreme individuals 
of one species come very close to, or actually overlap with, the 
extreme individuals of another. Similar relations hold for three 
species of Camarhynckus. 

IX Some forms of Darwin’s finches are more variable than 
others, and four species are exceptionally variable. The factors 
influencing variability are discussed. 

X Intermediate and freak specimens are unusually common 
in Darwin’s finches, and they include two which are apparently 
intergeneric hybrids Several species and island forms are inter¬ 
mediate in appearance between other forms, but this is probably 
due to their occupying an intermediate food niche, and not to a 
hybrid origin. There is no reason to think that hybridization has 
played an important part in the evolution of Darwin’s finches. 

XI. All the species are closely related, and suggestions are 
made as to the way in which they may have evolved from each 
other. 

Part II- Interpretation 

XII. There is no reason to think that the Galapagos were 
formerly connected by land with the American mainland, and 
the Galapagos animals have presumably arrived by occasional 
means over the sea. Only six passerme forms and one cuckoo 
have colonized the islands, and these show a very varymg degree 
of divergence from their mainland ancestors. Darwin’s finches 
probably arrived before any other land birds, which has per- 
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mitted their evolution in unfinchlike ecological niches. They have 
been comparatively free from predators 

XIII. Island forms of the same species show every gradation 
from extremely small differences in average size to differences as 
great as those which separate some of the species. The differences 
tend to be greater the greater the degree of isolation. Some of 
them are adaptive and others seem non-adaptive. 

XIV. New species originate when forms differentiated in geo¬ 
graphical isolation later meet in the same region and keep 
distinct. A good example occurs in Camarhynchus on Charles, 
and cases are also given in birds fiom other parts of the world 
There is not as yet any evidence that new species of birds arise 
in other ways. The evolution of specific intersterility is discussed. 

XV. When two related bird species meet m the same region, 
they tend to compete, and both can persist there only if they 
are isolated ecologically either by habitat oi food All of Darwin’s 
finches are isolated from each other ecologically Ecological 
isolation IS discussed in other birds, and in other types of organ¬ 
isms. Closely related bird species differ from each other adap¬ 
tively, though such differences are often inconspicuous Adaptive 
and ecological divergence probably arises at the subspecific level, 
though intensified after the forms have met m the same area 

XVI. The meeting of two forms in the same region to form 
new species must, when both persist, result in subdivision of the 
food or habitat, and so to increased specialization. The repetition 
of this process has produced the adaptive radiation of Darwin’s 
finches. A radiation similar to that of Darwin’s finches is not 
found 111 the land birds of single oceanic islands, because these 
provide no opportunities for the formation of new species in geo¬ 
graphical isolation. Instances are rare even on other archi¬ 
pelagos, probably because most archipelagos are too accessible 
to fresh colonization by more efficient birds from outside areas 
Two parallel radiations are known, the finches of Tristan da 
Cunha being at a much earlier stage, and the sicklebills of 
Hawaii at a much more advanced stage, than Darwin’s finches. 
Radiations are also found in the land insects, land molluscs and 
land plants of remote islands, including single islands. The manner 
of evolution of Darwin’s finches is peculiar m some details, but 
IS considered to be fundamentally typical of that which has 
occiAred in many other organisms. 
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Table XVIII (see text, pp 48-49). Percentage oe Collected Males 
IN Paetly Black Plumage in CamabBYNOBUS 


Island 

C crassi- 
rostns 

C. psittamla 

C pauper 

C parvulus 

Abingdon 

(50) 

(50) 

— 

— 

Bindloe 

— 

54 

— 

— 

James 

77 

(82) 

— 

64 

Indefatigable 

57 

— 

— 

(26) 

Albemarle 

60 

(48) 

— 

58 

Chatham 

24 

— 

— 

4 

Charles 

24 

— 

26 

70 


Notes (i) Brackets indicate only 16-10 specimens available; otherwise at least 
24. Por number of specimens available, see Supplementary Table A (p 183). 

(ii) The collected sample may not truly reflect the real percentage on each 
island First, collectors tend to select the best-plumaged males To set against 
this, most collecting has been done neor the coast, but on the larger islands the 
fully plumaged males tend to breed inland This is because the fully plumaged 
males tend to breed earlier than the others, and the transitional forest becomes 
suitable for breeding earher than the lowland zone Por the latter reason the 
proportion of each type collected also depends on the season when the collection 
was made 


Table XIX (see text, pp. 48-49) Percentage or Collected Males 
IN Fully Black Plumage in Gbospiza 

Geospiza 


Island 

inagni^ 

rostns 

fortis 

fuligi- 

nosa 

diffi- 

alts 

scandens 

coni- 

Tostns 

Culpepper 

— 

— 

— 

52 

— 

. — 

Wenman 

— 

— 

— 

89 

— 

— 

Tower 

m 

— 

— 

88 

— 

72 

Abingdon 

35 

25 

27 

(58) 

— 

— 

Bindloe 

84 

39 

(46) 

— 

— 

— 

James 

35 

56 

(83) 

75 

(64) 

— 

Jervis 

63 

— 

— 

— 

— 

— 

Indefatigable 

— 

29 

41 

70 

49 

— 

Duncan 

— 

83 

55 

— 

— 

_ 

Albemarle 

— 

42 

64 

— 

_ 

_ 

Barrington 

— 

— 

86 

— 

64 

— 

Chatham 

— 

51 

SO 

— 

— 

_ 

Hood and Gardner 

— 

— 

73 

_ 

_ 

64 

Charles 


38 

47 

— 

57 

— 


Notes (i) Percentages are based on at least 30 specimens except where placed 
m brackets, which denotes that between 31 and 29 are available For number of 
males available, see Supplementary Table A (p 183) 

(ii) The number of males in partly black plumage varied from 7 to 35 per cent 
(ill) That small islands such as Tower and Jervis have a high proportion of black 
males may be simply because on large islands fully plumaged males tend to breed 
inland, and so farther away from the collector, whereas on small islands such 
males inevitably breed close to the coast (see also note (ii) to Table XVIII) 
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Table XX (see text, pp 48, 78) Relation of Wing-Lenoth to 
Black Male Plumage 

in one selected island population of each species 

Average wing-length in mm 

,- » -^ 

Males Females 




Fully 

Partly 

Without 


Species 

Island 

black 

black 

black 


Geospiza 






mgmrosins 

James 

84 

81 

81 

80 

fortis 

Chatham 

74 

72 

70 

70 

fuhgima 

Chatham 

64 

63 

62 

61 




Partly black and 





without black 


difflcihs 

Wenman 

72 

71 


60 

smdens 

Indefatigable 

78 

71 


60 

conimlns 

Camrhynchus 

Gardner near Hood 

79 

77 


76 

crossirostns 

South Albemarle 


84 

83 

81 

psittacula 

Bindloe 

— 

71 

70 

68 

pamilus 

Pimroloxia<i 

Charles 

— 

64 

63 

61 

tnormla 

Cocos 

68 

67 

67 

65 

Camarhynchus 



All males 



palhdus 

Cerihidea 

South Albemarle 


72 


60 

olwma 

Indefatigable 


54 


53 


Note For number of specimens measured, see Supplementary Table B, p 188 
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Table XXI (see text, p 73) Relation of Culmen Length to 
Black Male Plumage 

Average length of culmen 
(from nostril) 


Species 

Island 

Black 

males' 


Other 

males' 

Females 

Geospiza 

mgnirostm 

James 

15 8 


16 0 

15 7 

fortis 

Chatham 

12 3 


12 0 

12 0 

Juhgmosa 

Chatham 

90 


84 

86 

diffialis 

Wenman 

10 7 


10 7 

10 6 

scandens 

Indefatigable 

15 0 


14 9 

15 0 

commins 

Gardner near Hood 

14 8 


14 5 

141 

Camarhynchus 

crassiroslns 

South Albemarle 

10 4 


101 

10 0 

psitiacula 

Bmdloe 

10 6 


10 4 

10 3 

parvulus 

Charles 

73 


73 

72 

Pinaroloxias 

imrnata 

Cocos 

10 5 


10 3 

10 3 

Camarhynchus 

pallidus 

South Albemarle 

All males 

112 

110 

Certhidea 

olwacca 

Indefatigable 


7 6 


79 

^ Black males means 

fully black males in 

the case of all Geospiza spp and Ptna- 


rohxms, and males showing some black m Camarhynchus spp Other males means 
males showing no black in Geospiza ma^nirostns, G fortis, G fuliginosa^ CamarhijU' 
chus spp and Pmaroloxias But m Geospiza diffialis, G scandens and G coni- 
mtm the other males also include partly black males, as these are difflcult to 
separate from those showing no black. 

Only one form of each species has been tabulated The others corroborate that 
the black males tend to have larger beaks than males without black The slight 
difference is often not significant for one particular form, but is apparent in the 
series as a whole 

Por number of specimens measured, see Supplementary Table B, p 183. 
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Table XXII (see text, p 74) Some Coerelation Coefficients 

Correlation coefficient of 


Species 

Locahty 

(0 

wing-culmen 

(«) 

culmen. depth 
of beak 

Geospiza 

magmroslns 

(i) All, (ii) Abingdon 

+0 42 

+0 63 

fortis 

Charles 

+0 67 

+0 80 

fuliginosa 

Chatham 

+ 0 25 

+0 87 

diffialts 

James 

( + 011) 

+0 52 

seandens 

Charles 

(+0 21) 

+0 43 

mimlns 

Hood 

+ 0 49 

+0 75 

CamoThynchus 

crassirostm 

South Albemarle 

+ 0 48 

+0 86 

pauper 

Charles 

(+0 36) 

+0 48 

parvulus 

Charles 

(+0-18 

+0 30 

palhdm 

South Albemarle 

(+0 05) 

(+0 09) 

Certhidea 

ohvatea 

Indefatigable 

(+0 30 

-- 

Pmaroloxias 

inomata 

Cocos 

(-0-02) 


Passer 

domesticus 

Berkeley, Cahfornia 

None 

+016 

Junco 

19 forms 

North America 

Present m only 
3 cases, values 
up to +0 5S 

Present in only 
4 cases, values 
up to +0 60 


Notes (i) Brackets indicate correlation lacking or not significant (less than 20'1 
probabibty) Numbers measured will be found under appropriate species and 
island in Supplementary Table C (p 184) For wing culmen correlation take 
second figure, and for culmen; depth correlation take first figure under each form, 
For Passer domsiicm 87 were measured. 

(ii) For wing. culmen correlation only fully black males were used in Geospiza 
spp and Pvnaroloxias, and only partly black males m Camarhynchus spp. 
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■ 55-9 a V 3 S° o aJS ^3 
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9 7 Absent Absent 73-94 Absent Absent 61-67 Absent Absent 
Note For number of specimens measured, see Supplementary Table C (p. 184) 

' Datwm’s extinct form 
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Table XXV (see text, p 88) Limits of Size in Camarhyuhus 

Species 


Wmg (partly 

Culmen Depth of beak black males) 


Island 

C par- 
mlus 

C pnu 
iacula 

Abingdon 

— 

94-107 

Bindloe 

Absent 

90-113 

lames 

64-74 

91-104 

Indefatigable 

66-82 

8 8-103 

South Albemarle 

66-80 

8 0-95 

Charles 

68-81 

8 0-1021 

Chatham 

70-9 3 

9 0-102J 
Absent 


C par- 

C psit- 

C par- 

C psri- 

mlus 

iacula 

mlus 

Iacula 

— 

9 7-112 

— 

67-73 

Absent 

100-112 

Absent 

69-75 

85-80 

94-119 

60-66 

72-77 

6 9-81 

9 8-113 

— 

— 

69-81 

85-103 

62-05 

67-72 

67-80 

81-9 9p 

62-68 

68-7411 


111 1 


- } 

72-87 

Absent 

63-67 

Absent 


1 Upper of two figures for Charles refers to C pauper and lower to C psittacuh 
Of the latter only 3 males arc available, but the 10 females collected on Charles 
also showed no overlap with female C pauper m depth of beak For number 
of specimens measured, see Supplementary Table C (p 184) 
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Table XXVI (see text, p 74). Limits of Size in Other Species 


c=culmen, d=depthof beak, io=-wing 
Geospiza 

- -A_ 

(liffictlis scandens or conirostris 



c 

d 

W 

c 

d 

w 

Culpepper 

10 5-12 2 

82- G5 

71-77 

18 6-16 2 

12 3-19 1 

77-87 

Wenman 

10 0-11 7 

rr- 9 5 

68-75 

— 

_ 


Tower 

8 5-10 2 

72-85 

60-66 

18 0-16 4 

111-15 8 

74-81 

Abingdon 

9 0-10 2 

7 9-90 

61-64 

13 7-15 9 

8 9-10 7 

72-74 

Bmdloe 

— 

— 

— 

14 3-15 8 

10 2-119 

71-75 

James 

9*5-11 4 

8 5-10 0 

65-78 

12 0-13 8 

82-95 

66-72 

Jervis 

— 

— 

— 

12 4^14 5 

8 8-97 

69-78 

Indefatigable 

9*1-10 2 

82-97 

67-71 

13 0-16 4 

8 5-10 7 

70-75 

Duncan 

— 

___ 

_ 

_ 



North Albemarle 

_ 

_ 

__ 

_ 



South Albemarle 

— 

— 

_ 

13 7-16 0 

8 0-10 0 


Barrmgton 

__ 

— 

— 

12 8-16 4 

9 3-114 

68-75 

Chatham 

— 

— 

— 

117-14 0 

9 3-10 2 


Hood 

— 

— 

__ 

18 0-17 4 

13 3-18 7 

74r-84 

Charles 

— 

— 

— 

12 6-15 2 

8 4-10 4 

68-75 


Camarbynchus 


crasnrostns palhdus 

Island c d 


Culpepper 

— 

_ 

Wenman 

— 

_ 

Tower 


_ 

Abingdon 

9 8-110 

11 8-13 0 

Bmdloe 

— 

_ 

James 

9 6-11 1 

12 1-13 6 

Jervis 

— 

__ 

Indefatigable 

9 9-11 0 

11 5-13 1 

Duncan 

_ 

_ 

North Albe- 

_ 

■ 

marie 

South Albe- 

9 6-10 9 

10 6-12 9 

marie 

Barrmgton 

— 

_ 

Chatham 

9 9-11 3 

n 7-13 5 

Hood 

— 


Charles 

10 0-11 3 

11 6-13 3 


xo 

c 

d 

XV 

— 

— 

— 

— 

— 

— 

— 

— 

_ 

— 

— 

— 

— 

— 

— 

_ 

85-91 

11 4-13 3 

8-8-0 8 

72-77 

— 

— 

— 

— 

84r-89 

113-12 7 

8 8-9 5 

70-74 

— 

— 

— 

— 

— 

— 

— 

— 

79-88 

10 4-12 2 

7 4-9 0 

68-77 

— 

101-11 1 

8 7-9 3 

69-73 


Certhidea 

ohvacea 


c 

to 

80-84 

54-59 

74-82 

58-57 

7 8-3 0 

52-66 

7 6-8 4 

60-63 

7 8-8 9 

52-56 

6 6-7 8 

61-66 

7 0-8 1 

52-57 

7 0-8 4 

51-57 

7 0-8 0 

51-56 

6 9-8 0 

51-65 

71-8 4 

50-54 

71-8 5 

S2-SS 

7 4^8 6 

60-56 

70-82 

68-57 


Camarhynchus hehobales Albemarle 
Pmaroloxias momata Cocos 


c d w 

9 5-11 4 7 6-8 8 68-75 

9 0-11 2 5 6-7 0 64-71 


Note For number of specimens measured, see Supplementary Table C (p 184). 
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Table XXVII (see text, p 87) Ratio of Culmek (from 
Nostril) to Wing in Geospiza Species 



Mean culmen for 

Range of culmen 



birds of that 

for birds of that 

Average ratio of 

Wmg length 

wmg length 

wing length 

culmen; wing 


(i) G fuhginosa 


60-62 (61 8) 

86 

7 7-99 

014 

63 

84 

76-98 

018 

64 

85 

7 4^10 2 

013 

66 

86 

7 7-99 

013 

66 

88 

7 9-101 

013 

67-70 (67 7) 

89 

83-05 

013 


(11) G 

fortts 


66-88 (87 4) 

10 0 

101-11'8 

016 

69 

114 

10 4-12 8 

017 

70 

114 

10 7-12 1 

016 

71 

11 6 

10 1-13 9 

016 

72 

11 6 

10 7-13 2 

016 

73 

117 

10 8-13 5 

016 

74 

12 8 

11-8-13 4 

017 

76 

12 4 

10 8-14 0 

017 

76 

12 8 

12'1-18 6 

0 17 

77-80 (78) 

12 9 

11 9-14 1 

017 


(in) G magnirostns 


77-80 (78 9) 

15 2 

14 0-16 5 

0 19 

81 

15 4 

14 2-16 8 

010 

82 

15 4 

14 0-16 0 

019 

88 

15 7 

14 5-17 3 

019 

84 

161 

14 7-17 7 

019 

85 

16 4 

15 9-17 2 

019 

86 

16 0 

15 1-17 2 

019 

87 

15 8 

14'2-16 8 

018 

88-90 (88 6) 

16 4 

15 1-17 4 

019 


Note For G fiiliginosa and G forlis all the individuals from Chatham, Charles 
and Albemarle were used. For G magnirostns all males were taken. For number 
measured, see Supplementary Table D (p 185) 
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Table XXVIII (see text, p 87) Ratio of Depth or 
Beak to Culmen in Geospiza Species 


Range of 
culmen 

Mean culmen 
for this range 

Mean depth 

Ratio of 

Range of depth depth culmen 

7 2-77 

75 

(i) G.jxdigimsa 

77 

71-8 3 

10 

7 8-82 

80 

78 

7 2-8 7 

10 

8 8-87 

85 

81 

7 2-8 9 

10 

8 8-92 

90 

82 

7 4-9 I 

09 

9 3-07 

9'5 

84 

7 4r-9l 

09 

9 8-10 2 

99 

83 

8 0-8 0 

08 

9 8-10 2 

101 

(ii) G fortis 
110 

10 1-11 9 

11 

10 8-10 7 

10 5 

115 

10 7-12 1 

11 

10 8-112 

110 

119 

10 2-13 2 

11 

11 8-11 7 

114 

12 3 

10 8-13 6 

11 

11 8-12 2 

12 0 

12 8 

111-15 3 

11 

12 3-12 7 

12 3 

13 4 

12 0-14 8 

11 

12 8-13 2 

12 9 

14 4 

12 1-16 0 

11 

13 3-13 7 

18 5 

14 3 

13 1-15 4 

11 

13 8-14 2 

14 0 

14 9 

13 6-lb 0 

11 

13 8-14 2 

(ill) G magmrostns 

14 0 17 3 16 8-19 4 

12 

14 3-14 7 

14 5 

18 0 

16 3-19 4 

12 

14 8-15 2 

15 0 

18 9 

16 8-21 6 

13 

15 3-15 7 

13 5 

19 6 

18 0-214 

13 

15 8-10 2 

16 0 

20 2 

18 2-22 3 

13 

16 3-16 7 

16 4 

20 9 

18 9-22 5 

13 

16 8-17 2 

17 0 

20 9 

19 5-22 9 

12 

173-17 7 

17 4 

212 

19 9-23 2 

12 


Note For number of specimens measured, see Supplementary Table D (p 18S) 



Table XXIX (see text, pp 91-92), Relation or Variability 
TO Abundance in Island Forms op the same Species 

c=culinen, d=depth of beak, a)=wing 

Standard deviation of 


Male Female 




Degree of 

f - 

- 

—, 

1 -* 

-, 

Island 

Size 

isolation 

c 

d 

w 

c 

d 


(i) Geospiza magnirostns 





Wenman 

Ei.tiemely small 

Extreme 

0 64 

0 89 

— 

— 

— 

Tower 

Very small 

Marked 

0'60 

1 13 

1 4 

0 59 

0 62 

Abingdon 

Moderate 

Moderate 

0 66 

0 94 

1 9 

0 63 

0 78 

Bmdloe 

Moderate 

Moderate 

0 77 

0 95 

2 1 

0 70 

0 97 

James 

Large 

Very abght 

0 70 

103 

21 

1 00 

1 81 

Indefatigable 

Large 

Very sbght 

0 80 

1 76 

— 

0 74 

1 63 

Jervis 

Very small 

Very slight 

0 72 

1 07 

27 

0 66 

0 78 

Wfi/R At a rough estimate, there are several hundred 0 magniroBlna 

on Wenman, a very 

few thousand on Tower, over ten thousand on other Islanda. 






(u) Geospiza fortis 






Abingdon 

Moderate 

Moderate 

0 51 

0 66 

21 

0 35 

0 54 

Bmdloe 

Moderate 

Moderate 

0 47 

0 41 

13 

0 32 

0 47 

Charles 

Moderate 

Moderate 

0’88 

1 22 

26 

0 82 

0 96 

Chatham 

Large 

Moderate 

0 67 

1 IS 

21 

0 77 

180 

James 

Large 

Very sbght 

0'56 

0 71 

1 8 

0 00 

0 78 

Indefatigable 

Large 

Very sbght 

0 81 

132 

28 

0 68 

1 18 

N Albemarle 

Large 

Very sbght 

0 78 

1 06 

2 1 

0 88 

1 21 

S Albemarle 

Large 

Very sbght 

0 88 

117 

28 

0'86 

142 

Jervis 

Very small 

Very sbght 

OSS 

— 

— 

— 

— 

Duncan 

Very small 

Very sbght 

0 78 

0 86 

28 

0 55 

0 96 

Seymour 

Very small 

Very sbght 

0 78 

0 96 

17 

0 66 

0 92 


Note 0 fortia is least variable where (? magnirostna is common, as on Abingdon, BIndloe, 
James and Jervis It is more variable where Q wagnvrosins is absent, as on Chatham and 
Charles, or very scarce, as on Indefatigable and Albemarle 


(ill) Geos^xza fuhginosa (iv) Certhidea ohvacea 
Standard deviation of Standard deviation of 





! 

Male 


I 

Female 

! - 

Male 


Female 



Degree of 

! -^ 

-, 


, -^ 

-\ 


Island 

Size 

isolation 

c 

to 

c 

c 

to 

c 

Culpepper Extremely small 

1 Extreme 

— 

— 

— 

— 

— 

0 26 

Tower 

Very small 

Marked 

— 

— 

— 

0 21 

10 

0 85 

Hood 

Fairly small 

Marked 

0 36 

1‘3 

0 43 

0 28 

11 

0 87 

Barrington 

Fairly small 

Small 

0 87 

1 G 

0 24 

0 30 

09 

0 81 

Abmgdon 

Moderate 

Moderate 

0 39 

23 

0 35 

0 23 

0-7 

0 27 

Bmdloe 

Moderate 

Moderate 

0 30 

18 

0 28 

0 31 

08 

0 32 

Charles 

Moderate 

Moderate 

040 

I 0 

0 49 

0 29 

10 

0 81 

Chatham 

Large 

Moderate 

0 68 

1'5 

0 67 

0 34 

09 

0'38 

James 

Large 

Very sbght 

0 38 

15 

0 89 

0 23 

12 

0 35 

Indefatigable 

Large 

Very slight 

0 38 

14 

0 47 

0 34 

18 

0'86 

N. Albemarle 

Large 

Very sbght 

0 36 

18 

0 84 

0 29 

18 

0 32 

S Albemarle 

Large 

Very sbght 

0 38 

1 2 

0 35 

0 34 

1 2 

— 

Duncan 

Very smaU 

Very slight 

0 41 

15 

0 43 

0 47 

14 

— 

Seymour 

Very small 

Very sbght 

0 36 

12 

0 85 

— 

— 

— 

Note It under 10 specimens 

are avallaMe. no 

figure iB given 

For number of specimens measured, 

see Supplementary Table 0 (p 

184, males) and Supplementary Table E (p 185, lemalea) 




Table XXX (see text, p 93). Standard Deviations for Other Species (Males) 

c=culmeH, <f=depth, io=wmg 
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C pauper Charles 0 40 0 43 1 5 

C. hehobates Albemarle 0-47 0-28 1 6 

P tnornata Cocos 0 38 0 25 1 3 

Note For number of specimens measured, see Supplementary Table C (p 184) 
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Table XXXI (see text, pp 93-94) Variability or 
Different Species 



Estimate of 
relative abundance 
expressed as 

percentage of Coefficient of variability of 


all mdividuals 


1 

- \ 

Species 

of all species 
present 

Culmen 

Depth 
of beak 

Wing 

Cerihtdea olivacea 

(i) On Tower 

44 

25 


1 8 

Geospiza diffieilis 

44 

40 

42 

2 1 

6 magnirostns 

9 

8 6 

53 

1 6 

G conirostTis 

8 

5 3 

74 

2 6 

(ii) On Indefatigable 
Certhidea ohvacea 47 

45 


24 

Geospiza fuligmosa 

16 

45 

47 

22 

0 scandens 

12 

6 1 

44 

1 5 

G fortis 

10 

68 

10 3 

88 

Camarhynchus parmlus 

3 

5 9 

44 

— 

C cTossirostris 

3 

27 

28 

14 

C pallidus 

3 

8 1 

23 

1 9 

Geospiza magnirostns 

2 

5 2 

92 

— 

G dtfflahs 

1 

8 8 

3 8 

1 8 

Camarhynchus psittacula 

1 

6 2 

57 

— 

(ill) Some Other Species 

Geospiza fuhginosa Chatham — 7 7 

54 

24 

G. coniTostris Culpepper 

— 

5 8 

7 4 

3 5 

G coniTostris Hood 

— 

6 1 

6 9 

3 0 

Camarhynchus pauper Charles 

— 

45 

4 9 

22 

C, pallidus South Albemarle 

— 

3 8 

49 

21 

C. heliobates Albemarle 

— 

45 

—. 

22 

Pinaroloinas inornata Cocos 

— 

3 7 

4 1 

1 8 

Passer domesticus England 

_ 

40 

4 0 

24 

11 forms of Lanius ludomcianus, — 

2 5-5 0 

2 2-2 9 

1 1-1 9 

North America 

24 forms of Junco species, 

_ 

3 4-5 8 

3 5-61 

2 1-3 2 


North America 

Notes (i) For standard deviations, see Tables XXIX and XXX, and for 
number measured, Supplementary Table C (p 184) 

(ii) The estimates of relative abundance were made during residence on Inde¬ 
fatigable and during a short visit to Tower, and though rough, they are sufficiently 
accurate to show that there is no obvious relation between variability and 
abundance 
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Supplementary Table A 

Number of Specimens available fou Tables XVIIl and XIX 

(see p 168) 


Cama'ihynchvs Geospim 


Island 

crassi- 

wsins 

psitta- 

cula 

-^ 

par- 

vulus 

f - 

magm- 

rostTis 

foitis 

fvligi- 

nosa 

diffii- 

cihs 

scandens 
or com- 

Culpepper 

_ 

— 

— 

— 

— 

— 

S3 

rosins 

Wenman 

— 

— 

— 

— 

— 

— 

67 

— 

Tower 

— 

— 

— 

29 

— 

— 

53 

43 

Abingdon 

18 

18 

— 

51 

48 

48 

19 

— 

Bindloe 

— 

24 

— 

41 

36 

24 

— 

— 

James 

28 

17 

28 

46 

48 

23 

44 

25 

Jervis 

— 

— 

-- 

35 

— 

— 

— 

— 

Indefatigable 

28 

— 

19 

— 

107 

81 

33 

85 

Duncan 

— 

— 

— 

— 

30 

84 

— 

— 

Albemarle 

67 

17 

25 

— 

135, 

152 

— 

— 

Barrington 

— 

— 

— 

— 

— 

41 

— 

61 

Chatliara 

37 

-- 

91 

— 

110 

127 

— 

— 

Hood and 

— 

— 

— 

— 

— 

40 

— 

159 

Gardner 

Charles 

25 

801 

87 


182 

86 


104 


‘ C, pauper. 


Supplementary Table B 

Number of Specimens measured in Tables XX and XXI 
(pp. 169, ITO) 


Males 



1 - 

A 




PuUy 

Partly 

Without 


Speeies 

black 

black 

black 

Females 

G magnirostris 

16 

12 

18 

21 

G. jortis 

56 

25 

28 

64 

G fuhginosa 

62 

34 

28 

108 



Partly black and 




without black 


G dijjicilis 

26 


41 

85 

0 scandens 

40 


44 

32 

G comrostns 

38 


32 

42 

C crassuostns 

— 

34 

23 

28 

C psitlaeula 

— 

13 

11 

U 

C. parvidus 

— 

80 

26 

38 

P inornala 

78 

17 

21 

43 



All males 


C pallidus 

— 


55 

24 

C ohvacea 

— 


43 

38 



Number of Males mbasuked for Tables XI-XIII and XXH~XXX1 (omitting XXVII and XXVIII) 
Note. The first figure for each form is the number of beaks and the second figure the number of wings measured. 
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Supplementary Table D 

Number op Specimens measured in Tables XXVII and 


G. fuligmosa 

XXVIII (pp 177-178). 
For Table XXVII 

G. fortis 

G magmrostns 

_A__ 

t 

Wing 

No 

f - 

Wing 

No 

Wing 

No 

length measured 

length 

measured 

length 

measured 

00-62 

29 

66-68 

9 

77-80 

9 

63 

52 

69 

9 

81 

13 

64 

63 

70 

27 

82 

13 

65 

44 

71 

44 

S3 

17 

66 

26 

72 

88 

84 

13 

67-70 

0 

73 

28 

85 

13 

_ 

— 

74 

17 

86 

14 

— 

— 

75 

26 

87 

10 

_ 

— 

76 

12 

88-90 

7 

— 

— 

77-80 

18 

— 

— 



For Table XXVIII 



G fuligmosa 

G. fortis 

G magmrostns 

_A_ 

Culmen 

No 

r" -- 

Culmen 

No 

r 

Culmen 

No. 

length measured 

length 

measured 

length 

measured 

7 5 

18 

10 1 

6 

14 0 

11 

80 

28 

10 5 

12 

14 5 

13 

8 5 

51 

110 

54 

15 0 

43 

9 0 

65 

11 4 

55 

IS 5 

40 

9 5 

16 

12 0 

72 

16 0 

55 

9 9 

9 

12 5 

25 

16 4 

82 

— 

— 

12 9 

83 

17 0 

19 

— 

— 

13 5 

10 

17 4 

7 

— 

— 

14 0 

6 

— 

— 



Supplementary Table 

E 


[umber or Female 

Specimens 

MEASURED IN TABLE 

XXIX (p. 179 



G magm- 


G fuhgi- 


Island 


rosins 

G fortis 

nosa 

C ohvacea 

Culpepper 


— 

— 

— 

13 

Tower 


17 

— 

— 

21 

Hood 


— 

— 

15 

19 

Barrington 


— 

— 

10 

33 

Abingdon 


29 

28 

26 

14 

Bindloe 


11 

17 

21 

19 

Charles 


— 

98 

87 

22 

Chatham 


— 

64 

108 

23 

James 


21 

23 

12 

24 

Indefatigable 

13 

49 

43 

38 

North Albemarle 

— 

34 

57 

11 

South Albemarle 

— 

56 

39 

— 

Jervis 


13 

— 

— 

— 

Duncan 


— 

20 

80 

— 

Seymour 


— 

81 

25 

— 
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We arc as d\varfi mounted on the shoulders of giants, so that we can see more and 
further than they, yet not by virtue of the keenness of our eyesight, nor through 
the tallness of our stature, but because we are raised and borne aloft on that giant 
mass Behnabd or Ciiahtrus, twelfth century a d 

References have been cited m the standard way In the text 
IS given the name of the author followed by the year of publica¬ 
tion, while the full references are listed below under authors 
alphabetically. This bibliography includes only those works 
mentioned m the text, and where a general work provides 
detailed references to a topic here touched on only briefly, 
reference in this book is usually given only to the general work, 
which should be consulted for the detailed references In par¬ 
ticular, the species problem has been treated generally by 
Dobzhansky (1987, 1941) from the genetical standpoint, by 
Mayr (1942) from the systematic standpoint, and by Huxley 
(1940, 1942), who presents a general synthesis, while further 
references to the ecology of closely related bird species are given 
in Lack (1944«). A complete bibliography of Galapagos birds 
is provided by Swarth (1931) 

A prelinnnaiy summary of the present work on Darwin’s 
finches appealed in 1940 (Lack, 1940 &), while a detailed account 
was completed in May 1940 for publication by the California 
Academy of Sciences, but has not yet appeared at the time of 
writing The latter paper includes more details on breeding habits, 
plumage and measurements than are given here, while in certain 
respects my views have changed since it was written, notably in 
regard to the adaptive significance of the beak differences 
between species and island forms, discussed particularly in 
Chapters vi and xv of this book As regards these and other 
differences between the two accounts, the present book repre¬ 
sents a moic mature opinion. Observations carried out at the 
California Academy of Sciences by Dr Robert T. Orr, on the 
captive finches which we brought home from the Galapagos, have 
also not appeared at the time of writing 
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aalgt, Vna 
Acacia, 3, 31 
Acalypha, 156 
Acanihxm rningti, 128 
puailla, 128 

achatinellid mollusc, ISO 
Acrocephalus arundinaceus, 04 
sarpaceus, 64 
acutmstns, Heterolocha 
ajfims, Camarhynchus paittacula 
Agelaius phoentceus, 45 
agresiis, Microtus 
aikem, Junco 
alinfrons, Sterna 
alpina, Planana 
Amarantaceae, 156 
Amblyrhynchus, 108,154 
amphibia, 108, 133 
Anchomenim, 156 
ant, Galapagos, 1,155,156 
Anthus pratensxs, 28, 187, 143 
spinoletta, 30 

spinoletta pelrosus, 28. 137 
tnmalis, 28, 137, 143 
araneus, Sorea 
argentatus, Larus 
aroid, 108 

Asto galapagoemis, 34, 85 
astacus, Potamobius 
atncapilla, Sylvia 
aureola, Dendroica petechia 
aureus, Camarhynchus 
azolla, 5 

babbler, 64 
bairdt, Junco 
hat. 107 

bat, Galapagos, 108 
batrachian, 107 
baun, Geospiza 
becki, Certhidea oltvacea 
beetle, 58 


beetle, cerambycid (longicorn), 142,154 

beetle, ground-, 1S6 

bifasaata, Certhidea oltvacea 

bkckbird, American redwinged, 45 

blackbird, European, 56 

blackcap, 187 

bobolink, 151 

Bombus, 121 

Boraginaeeae, 156 

bonn, Sylma 

bowerbird, 59 

brachyotis, Lasiurm 

bracken,4 

bremrostns, Cactomis 
bullfinch, 5) 
bullfinch, Azorean, 52 
bumblebee, 120 
bunting, 25 
bunting, corn, 187 
reed, 28, 29, 80 
yellow, 28, 20, 187 
Bursera, 8 

Buteo galapagoeruw, 34, 35 

Cactomis, 16, 18, 65, 58, 60 
Cactomis bremrostns, 182 
Cactospiza, 15, 56, 58, 60 
Cactospiza giffordi, 98, 182 
cactus, tree-, 3, 4, 6, 15, 58, 68, 108, 
168, see also Opuntia 
catandra, Embenza 

Camarhynchus, 15, 24, 31, 86, 38, 43, 
46, 47, 48, 49, 51. 55, 56, 68, 60, 64, 
72, 73. 88. 89. 102, 103, 104, 105, 
126, 127, 128, 137, 146, 161, 162 
Camarhynchus aureus, 98,105,182 
conjunctus, 98, 105, 182 
erasmostns, 18, 19, 20, 25, 26, 32, 
34, 35, 87, 89, 43,46,47,40, 56, 57, 
58, 74, 76, 94, 98, 102, 104, 116, 
136, 137, 168, 169, 170, 171, 172, 
173, 176, 180, 181, 182, 188, 184 
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helwbaies, 18. 19, 20, 24, 2S, 26, 37, 
38, 47, 56, 57, 59, 102, 104, 186, 
173, 176, 180, 181, 184 
pallidui, 18, 19, 20, 25, 26, 32, 33, 37, 

42, 43, 47, 49, 63, 56, 57, 58, 59, 
70, 71, 74, 76, 94, 102, 104, 113, 
136, 146, 154, 155, 166, 169, 170, 

171, 173, 176, 180, 181, 182, 188, 
184 

pallidus palhdus, 20, 71 
pallidus stnalipectus, 20, 71 
parvulus, 18, 19, 20, 22, 25, 26, 32, 
87, 42, 43, 46, 47, 48, 49, 51, S3, 56. 
57, 58, 61, 68, 64, 70. 71, 76, 88, 89, 
98, 99, 102,104,105,137,168,169, 
170, 171, 172, 173, 175, 180, 181, 

182, 183, 184 
parvulus parvulus, 20, 71 
parvulus salmni, 20, 71 

pauper, 18, 19, 20, 25, 87, 40, 49, 
61, 56. 58, 61, 88, 89, 102, 104, 

126, 127, 128, 132, 187, 108, 171, 
178, 175, 180, 181, 182, 183, 184 

psiUacula, 18, 19, 20, 22, 25, 26, 37, 
42,43, 46, 47, 53, 56, 57, 38,61, 03, 
64, 70, 71, 76, 88, 89,102,104,126, 

127, 128, 132, 137, 168, 169, 170, 

172, 173, 175, 180, 181, 182, 183, 
184 

psiltacula afflnis, 20, 126, 127, 128 
psittacula habeh, 20, 71,126,127,128 
psiltacula psiUacula, 20, 71,126, 127, 
128 

Camponotus maeilentus, 155 
planus, 156 

carcinophagus, Lobodon 
Carduehs carduehs, 99, 149, 166 
carunculata, Foulehaio 
caryoeaiactes, Nucifraga 
cat, 5, 84 
cattle, 5 
cephalopod, 141 
cerambycid beetle, 142 
Cereus, 3 

Certhidea olivacea, 13,14,15,18,19, 20, 
25, 31, 32, 35, 86, 37, 38, 39,40, 41, 

43, 44,45, 50, 51, 53, 56, 57,60, 06, 
73, 77, 92, 93, 98, 99,102,104, 105, 
106, 113, 116, 124, 146, 103, 169, 
170, 171, 173, 176, 179, 181, 182, 

183, 184, 185 
olivacea becki, 20 
olivacea bifasciata, 20 
olivacea nnerascens, 20 


olivacea fusca, 20 
olivacea luteola, 20 
olivacea meniahs, 20 
olivacea olivacea, 20 
olivacea ridgwayi, 20, 36 
Chaetopiila, 152 

chaffinch, blue, 138, 143, 144, 147 
Canary Island, 138, 143, 144, 147 
European, 55, 188 
Chasiempsis, 52, 152 
ckatkamensis, Tornaiellides 
chiffchaft, 137 
Chloris chloTis, 99, 149, 166 
Chlorodrepanis, 64, 65, 154 
cichlid, 114 

cinerascens, Certhidea olivacea 
cismontanus, Junco hiemalis 
Cisticola, 55 
cUrinella, Embenza 
Clethnonomys glareolus, 28, 140 
nageri, 28, 140 
clubmoss, 4, 5 

Coeeothraustes coccothraustes, 149, 106 
Coccyzus ferrugineus, 113 
melacoryphus. 111 

Cocos-flnch, see Pinaroloxias inornata 
coelebs, Fringilla 
coffee, 4 
Coleoptera, 156 
collybita, Phylloscopus 
Columba oenas, 65 
palumbus, 65 
columbanus, Falco 
Compositae, 4, 109, 157 
conifer, 108 
coniroslns, Geospiza 
conjunctus, Camarhynchus 
Conolophus, 108, 154 
Coracina lineata, 52 
Cordid, 156 
cormorant, 34 
cormorant, flightless, 114 
comen, Microius 
comix, Corvus 
corone, Corvus 
Corvus comix, 137 
Corvus corone, 137 
Conius, Hawaiian species, 152 
cotton, wild, 31 
crab, 3, 34, 87 
crassirostns, Camarhynchus 
crayfish, 142 

crossbill, common, 52, 65, 66, 80,89, 90, 
145 
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crossbill, Himalayan, 00 
parrot, 66, 89, 90 
Scottish, 89 
two-barred, 65, 89, 90 
Croton, 3 

crow, carrion, 137 
Hawaiian, 152 
hooded, 137 
cuckoo, 108 

cuckoo. Cocos, 112, 113 
Galapagos, 108, 111 
cuokoo-shrike, 52 
curinrostm, Loxia 
Cynvps, 120 

danaini, Geoipiza conirostns 
debihraslris, Geospiza diMalts 
deer, 87 

Delichon uibica, 99 

Dendtoica potechia aureola, 30, 46, 111, 
112, 113 

dijflahs, Geospiza 
dildo-tree, 3 
dog, 5 

Dolichonyx oryzwoius, 151 
domesticus. Passer 
donkey, 5, 46 

dove, Galapagos ground-, 35, 119 
ring, 65 
stock, 65 

Drepanididae, 152, 153 
Dromicus, 108, 117, 155 
Dryobates major, 61 
medius, 64 
minor, 64 

Embenza calandra, 137 
clinnella, 28, 137 
schoemclus, 28, 80 
cremita, Megapodius 
erythrogaster, Hirundo 
euphausiid Crustacea, 141 
Euphorbia, 150 
Euphorbia viminca, 156 
Euphorbiaceae, 156 
europaeus, Lepus 
Evotomys, 28 
ezmngii, Acanthua 

Falco columbarius, 65 
peregnnus, 65 
tinnunculus, 65 
fern, 4 


ferrugineus, Coccyzus 
finch. Central American, 31 
Gough Island, 152 
Tristan da Cunha, 52, 64, 05, 129 
138, 139, 152, 158, 162, 166 
flatworm, 141 
flea, 1 

fiycntcher, Cocos, 113 
Pi]ian, 129 

Galapagos tyrant-, 35, 111 
Hawaiian, 52, 152 
pied, 137 

Polynesian, 52, 99 
spotted, 187 

vermilion, 51, 52, 80, 111, 120 
fortis, Geospiza 
Foulehaio carunculata, 80 
frigate bird, 5 

Fringilla coelebs, 138, 143, 144, 147 
ieydea, 138, 143, 144, 147 
Fringillidae, 14 
fringilline finch, 101, 102 
fvliginosa, Geospiza 
fusca, Certhidea ohvacea 
fuscus, Larus ' 

galapagoensis. Asm 
galapagoensis, Buteo 
galapagoensis, Nesopelia 
Galenda, 39 
gall wasp, 120 
Garrulax monihger, 64 
pectoralis, 64 

gecko, Galapagos, 108, 117, 154 
Gelochehdon nilotica, 65 
Geospiza, 15, 24, 36, 38, 44, 46, 47, -.a, 
49, 50, 51, 52, 55, 56, 60, 61, 62, 63, 
64, 72, 73, 81, 88, 89, 90, 102, 103, 
105, 106, 146, 166 
Geospiza bauri, 182 
conirostns, 18, 19, 20, 25, 37, 42, 66, 
67, 68, 69, 70, 74, 75, 76, 78, 79, 86, 
90, 94, 96, 97, 98, 102, 103, 116, 
124, 136, 145, 168-72, 176, 180, 
181, 183, 184 

conirostns conirostns, 20, 22, 38, 69, 
78, 90 

conirostns danmni, 20, 68, 69, 96, 97, 
102, 103 

conirostns propinqua, 20, 69 
dlffieihs, 18, 19, 20, 23, 24, 25, 26, 27, 
28, 29, 37, 88, 42, 44, 49, 51, 56, 66, 
67, 68, 69, 70, 75, 78, 86, 96, 101, 
102, 103, 104, 105, 116, 124, 136, 
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148, 145, 147, 168-72, 176, 180, 
181, 182, 183, 184 

difflalis debihrostns, 20, 27, 66, 57, 
78, 182 

dtfficihs diffl(yilis, 20, 27, 68 
diffinlts seplentnonalis, 20, 27,68,78, 
86, 96, 102, 104 

fortts, 12,18, 19, 20, 21, 22, 25, 26, 82, 
34, 35, 86, 37, 38, 39, 63, 54, 55, 66, 
67, 61, 63, 64, 66, 67, 70, 74, 75, 81, 
82, 83, 84, 85, 86, 87, 90, 92, 94, 96, 

97, 98,102,108,116, 128, 137,168- 
72, 174, 177, 178, 179, 181, 182, 
183, 184, 185 

fuhgmosa, 18, 19, 20, 22, 25, 26, 27, 
28, 29, 32, 84, 35, 36, 37, 38, 39, 51, 
53, 54, 55, 56, 57, 61, 66, 67, 68,74, 
81, 82, 83, 84, 85, 86, 87, 90, 92. 98, 
94, 96, 97, 101, 102, 116, 123, 136, 
137, 143, 147, 168-72, 174, 177, 
178, 179, 181, 182, 183, 184, 185 
harterti, 84, 182 

maffiiroalns, 18, 19, 20, 22, 23, 25, 
26, 36, 87, 39, 58, 56, 56, 57, 61, 63, 
64, 86, 67, 68, 69, 74, 78, 81, 82, 83, 
84, 86, 87, 91, 92, 94, 96, 97, 102, 
108,118,120,124,187,168-72,174, 
177, 178, 179, 181, 188, 184, 185 
magniToslns sirenua, 20 
nehulosa, 28, 120 

scandens, 18, 19, 20, 21, 22, 25, 26, 
31, 33, 37, 88. 42, 56, 57, 81, 62, 66, 
67, 68, 69, 70, 75, 76, 78, 94, 96, 

98, 102, 103, 116, 120, 136, 137, 
146, 168-72, 176, 180, 181, 182, 
183, 184 

gxffordi, Caciospiza 
glareolus, Clethrionomys 
goat, 5 

goldfinch, 99, 149, 166 
ganocephala, Planaria 
goughensxs, RoxvelUa (Nesospiza) 
grasshopper, Galapagos, 34, 40, 156 
grebe, 65 

greenfinch, 99, 149, 166 
grosbeak, rice, 64 
ground-finch, see Geospiza 
ground-finch, cactus, see Geospiza 
scandens 

large, see Geospiza magnirostns 
large cactus, see Geospiza conirostns 
medium, see Geospiza foriis 
sharp-beaked, see Geospiza difficilis 
small, see Geospiza fuhgmosa 


ground-dove, see dove 
guava, 5 

guillemot, Brunnieh’s, 143 
common, 148 
gull, 65 

gull, herring, 129 

lesser black-backed, 129 

habeli, Camarhynchus psiitacula 
Halmenus, 156 
hare, common, 140 
Irish, 140 
mountain, 140 
hamssi, Nannopterum 
harterii, Geospiza 
hawfinch, 55, 149, 166 
hawk, Californian, 35 
Galapagos, 84, 35 
hehanthoid, 109, 156 
heliobates, Camarhynchus 
Hemiptera, 156 
heron, 34 

Heterolocha aculirostris, 154, 155, 1C6 
Heterorhynchus, 153, 154 155, 166 
hiemahs, Junco 
himalayensis, Loxta curmiostra 
Hippomane mancinella, 3, 61 
hirtus, Mierolus 
Hmindo erythrogaster, 151 
rustica, 38, 99 
hirundo, Sterna 
hispaniolensis, Passei 
Homoptera, 142 
honeyeater, 80, 152 
horse, 5 

huia, 154, 155, 166 
Hymenoptera, 156 
hypoleuca, Musmcapa 
Hyposmochoma, 156 

Iguana, 109, 110 
Iguana, land, 5, 108, 154 
marine, 3, 5, 108, 154 
inornala, Pinarolomas 
insulans, Junco 
iphis, Pomarea 

Jigger, 1 

Junco, 74, 93, 94, 171, 181 
Junco aikem, 93 
bairdi, 93 

Junco hiemahs cismontanus, 99 
insulans, 93 
vulcant, 93 
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keBtrel, 85 

Lacerta stcula, 120 
Lamus ludomcianm, 73, 70, 94, 181 
larch, 89, 00 
lark, 89 

iarus argenlalus, 129 
fuscus, 129 

ZiOSiunts brachyolis, 108 
lateralis, Zosterops 
Lepidoptera, 156 
leptodactylus, Poiamobtus 
Leptonycholes toeddelh, 141 
hplmyx, Stenorhynchus 
Lepus euTopeaeus, 140 
timidus, 140 
leucoptera, Loxxa 
lichen, 4, 81 
Lihaceae, 108 
hneata, Coracina 
Liparoscehs, 40, 166 
liverwort, 4, 5 
lizard, 110, 120 

hzard, Galapagos, 84, 108, 117, 154 
lobeha, 156 

LobQdon carcinophagus, 141 
lamina, Una 
longspur, 25 

Losna cunnroslra, 52, 65, 68, 80, 89, 90, 
145 

cunnroslra himalayensis, 90 
curmrosira scolica, 89 
leucoptera, 65, 89, 90 
pytyopsittacus, 66, 89, 90 
ludomaamis, Lamus 
luteola, Certhidea olivacea 
Lythraceae, 108 

maeilentus, Camponotus 
magmrostns, Geospiza 
magnirosins, Myiarchus 
major, Dryobates 
magmrostns, Parus 
malarial parasite, 141 
malariae, Plasmodium 
Malastomaceae, 108 
mammals, pouched, 147 
mancinella, Hippomane 
mangrove, 24, 2.5, 20, 30, 108 
mangrove-finch, see Camarhynchus 
hehobates 
manzanilla, 8, 61 
martin, Galapagos, 51, 111 
house, 99 


Mayrorms, 129 
Maytenus, 8, 31 
medius, Dryobates 
Megapodius eremita, 99 
melacoryphus, Coccyzus 
melanocera, Schistocerca 
melodia, Melospiza 
Melospiza melodia, 30 
mentalis, Certhidea olivacea 
merlin, 65 

Microtus agrestis, 140 
comen, 140 
hirtus, 140 
Mimus, 112 
minor, Dryobates 
minor, Parus 
minutus, Sorex 
Mirafra, 39 
Mniotiltidae, 14 
mockmghird, 46, 112 
mockmgbird, Galapagos, seeNesomimus 
modesta, Progne 
Moho, 152 

mollusc, land, 107, 108, 109, 111, 138, 
154, 156, 157, 168 
monihger, Qarrulax 
montenegnna, Planana 
mosquito, 1 
moss, 4 

moth, Hawaiian, 156 
moundbuilder, 99 
multicolor, Petroica 
munna, Pyrrhula pyrrhula 
murre, Brunnich’s, 148 
common, 143 
Muscicapa hypoleuca, 137 
stnata, 187 

Mustela ermineus, 141 
nivalis, 141 

Myiagra vanikorensvs, 52 
Myiarchus magmrostns, 35, 111, 112 
Myrtaceae, 108 

nagen, Clethnonomys 
Nannopterum harrissi, 114 
nebulosa, Geospiza 
Nesocichla, 152 
Nesiotus, 109, 154 

Nesomimus, 9, 23, 35, 40, 46, 72, 81, 
112, 115, 118, 119 
Nesopelia galapagoerms, 35, 119 
Nesoryzomys, 108 

Nesospiza, 52, 64, 65, 129, 138, 139, 
152, 158, 159, 162, 166 
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Nesotriccus townsendi, 113 
Neuroptera, 156 
mloltca, Gelochehdon 
nivalis, Musicla 
Niicifraga caiyocatactes, 80 
nutcracker, 80 
nuthatch, 58 

ochruTUS, Phoemcurus 
Odonata, 156 
oenas, Columba 
olivacea, Cerihidea 
Ommatophora rossi, 141 
Onagraceae, 108 

Opuntia, a, 25, 26 , 31, 56, 59, 62, 67, 68, 
103, 109, 113, 137, see also cactus 
orange, 57 
orchid, 4 
Orthoptera, 156 
Onjzoborus, 64 
ostrich, 114 
Otocoris, 89 
ousel, alpine ring, 30 
ring, 80 

o»I, Galapagos barn, 84, 114 

Galapagos short-eared, J4, 35, 114 

Pachycephala, 99 
Pachycephala pecloralis, 52 
palhdus, Camarhynchtis 
palm, 108 

palpebrosa, Zosterops 
palumbus, Columba 
Farus major, 129 
minor, 129 

parvulus, Camarhynchus 
Passer domesticus, 31, 74, 94, 100, 171, 
181 

hispaniolensis, 100 
pauper, Camarhynchus 
pecloralis, Pachycephala 
pedunculata, Stalesia 
penguin, 141 
peregrine, 65 
peregrtnus, Falco 
petechia, Dendroica 
Petroica multicolor, 52 
pelrosus, Anthus spinolelta 
Phaeornis, 04, 65, 152 
Phoemcurus ochrurus, 123 
Phyllodaclylus, 108, 116, 154 
Pkylloscapus, 55 
Pkylloscopus collybita, 137 
trochilus, 137 


Picus mndis, 155 

pig. S 

pigeon, fruit-, 129 

Pmaroloxias inomala, 14, 15, 18, 19, 
20, 25, 37, 50, 56, 57, 60, 94, 102, 
108,104,105,112,132,146,189,170, 
171,172,178,176,180,181,183,184 
pine, 89, 90, 138, 147 
pipit, alpine, 30 

meadow, 28, 29, 137, 143 
rock, 28, 30, 137 
tree, 28, 29, 187, 143 
Pisonta, 4 

Planaria alpina, 141 
gonocephala, 141 
montenegnna, 141 
planus, Camponolus 
Plasmodium malanae, 141 
mvax, 141 

Platyspiza, 15, 56, 57, 60 
plum, 57 

Polycelis cornuta, 141 
Pomarea, 52 
Poiamobius astacus, 142 
lepiodaetylus, 142 
praterms, Anthus 
pnckly-pear, see Opuntia 
Piogne modesta, 51, 111 
propvnqm, Qeospiza conirostns 
Proterhinus, 156 
Psidmm, 4 

psittacula, Camarhynchus 
Ptilinopus, 129 
Plilinorhynchus violaccus, 59 
punctatissima, Tytu 
pusilla, Acanthiza 
pygmaeus, Sorex 

Pyrocephalus rubinus, 51, 80, 111, 120 
Pyrrhula pyrrhula, 51 
pyrrhula munna, 52 
pytyopsittacus, Loxia 

rat, black, 5, 115 
rice, 34, 108, 111 
ratite, 114 
redstart, black, 123 
rendovae, Zosterops 
rhea, 114 
Rhodocanthis, 154 
ndgwayi, Certhidea olivacca 
rossi, Ommatophora 
Rmuettia gougheivns, 152 
Tubtnus, Pyrocephalus 
Tustica, Hirundo 
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salmm, Camarhynchus parvulus 
sandmcerms. Sterna 
Sapmdaeeae, 108 
Scalesia, 118, 116, 136 
Scalesia pedunculata, 4, 109 
scandens, Geospiza 
Schwtocerca melanocera, 40, 166 
schoemclus, Embenssa 
scirpaceus, Acrocephalus 
scorpion, 1 

scotica, Loxia curmrostra 
sea-lion, 8, 6 
seal, ciab-eating, 141 
leopard, 141 
Ross, 141 
Weddell, 141 

sepieninonalts, Geospiza dificihs 
shrew, common, 141 
pygmy, 141 

shrike, Californian, 78, 79, 94, 181 
sicklebiU, 64, 63, 152, 153,164,168,162 
sicula, Laceria 

snake, Galapagos, 84, 108, 117, 154, 
135 

Sorem araneus, 141 
minutus, 141 

sparrow, house, 81, 74, 94, 99,100,171, 
181 

Java, 9 
song, 80 
Spanish, 100 
Sphingonotus, 156 
spinoleiia, Anthus 
Spizocorys, 39 
spruce, 89 
starling, 65 

Sienorhynchus leptonyx, 141 
Sterna albifrons, 65 
hvrundo, 65 
sandmcensis, 65 
mrgata, 140 
mttata, 140 
stoat, 141 

strenua, Geospiza magnirostns 
striata, Mmmeapa 
stnatipecta, Camarhynchus pallidus 
sugar, 4 

swallow, American barn, 151 
European, 33, 99 
Sylma atricapilla, 137 
bonn, 137 

Telanihera, 156 
tern, 65 


tern, common, 65 
guU-billed, 65 
Kerguelen, 140 
little, 65 
sandwich, 65 
Testudo, 108, 117, 154 
teydea, Frmgilla 
thornbill, 128 

thrush, Hawaiian, 64, 66, 152 
Tristan da Cunha, 152 
timidus, Lepus 
tinnunculus, Falco 
tit, 38, 150 
tit, great, 129 
torch-thistle, 3 

Tornatellides chathamensis. 111 
torgualus, Turdus 

tortoise, giant, 5, 9, 72, 108, 109, 110, 
115, 117, 154 
toucan, 11 

toimsendi, Nesoinccus 
tree-fern, 4 

tree-finch, see Camarhynchus 
tree-finch, large insectivorous, see 
Camarhynchus psittacula 
small insectivorous, see Camarhyn- 
chus parvulus 

vegetarian, see Camarhynchus crassi- 
rosins 

tnmalis, Anthus 
trochilus, Phylloscopus 
Troglodytes, 45 
Tropidurus, 108, 117, 154 
Turdus merula, 56 
torquatus, 80 
turtle, 8 

tyrant-flycatcher, 35 
Tyto punctaiissima, 34 

urbica, Dehchon 
Una aalge, 143 
lomma, 143 

vanikorensis, Myiagra 
versicolor, Mayrorms 
viminea, Euphorbia 
vwlaceus, Ptihnorhynchus 
mrgata. Sterna 
mndis. Plots 
mttata. Sterna 
mvax, Plasmodium 
vole, bank, 28, 140 
field, 140 
milcani, Junco 
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warbler, 60, 150 

American, 14, 106, 113 
blackcap, 137 
chiffchaff, 137 

Galapagos, 30, 46, 111, 112, 113 

garden, 137 

grass, 55 

great reed, 64 

leaf, 55 

mangrove, 30 

reed, 04 

willow, 137 

warbler-fineh, see Certhidea ohvacea 

weasel, 141 

weaver, 31 

weevil, 156, 157 

leedddh, Leplonycholes 


white-eye, see Zosierop'^ 
woodpecker, 58, 108, 113, 150, 154 
woodpecker, great spotted, 64 
green, 155 
little spotted, 64 
middle spotted, 64 

woodpecker-finch, see Cammhynchus 
palhdiui 
WTCn, 45 

Zanlhoxylum, 4 
Zoiteropi laterah’t, 114 

of Lord Howe Island, 64, 138, 139, 
144, 148, 150, 158, 159, 166 
of Norfolk Island, 64, ISO, 159 
palpehros.a, 30 
tendoviie, 79, 122 
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